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(54) Toner for developing electrostatic image, image forming method and developing apparatus 
unit 

(57) A toner for developing an electrostatic image is 
constituted by at least toner particles and an additive. 
The toner particles have a shape factor SF-1 of 100 - 
160, a phase factor SF-2 of 100 - 140 and a weight- 
average particle size of 4 - 10 urn as measured by a 
Coulter counter. The toner contains particles having cir- 
cle-equivalent diameters in a range of 0.6 - 2.0 \im and 
satisfying the following conditions (i) - (iii): (i) a first value 
Ct of 3 - 50 % by number as measured by a flow particle 
image analyzer after application of a ultrasonic wave of 
20 kHz for 5 min.. (ii) a second value C2 of 2 - 40 % by 
number as measured by the flow particle image ana- 
lyzer after application of a ultrasonic wave of 20 kHz for 
1 min.. and (iii) a value C of 105 - 150 obtained accord- 
ing to the following equation: C = {C^C 2 ) x 100 . The 
toner is effective in improving image-forming character- 
istics in a continuous image formation on a large 
number of sheets. 




FIG. I 



CM 
< 

O) 
CO 

o> 

CO 
GO 



CL 
LU 



Primed by Xerox (UK) Business Services 
2.16.3/3.4 



5DOCID: <EP 



0869397A2J_> 



J? 



EP0 869 397 A2 

. Descripti n 
FIELD OF THE INVENTION AND RELATED ART 

5 The present invention relates to a toner for developing electrostatic images and an image forming method and a 
developing apparatus unit using the toner. 

There have been known a large number of processes as an electrophotographic process. In these processes, in 
general, an electrostatic image is formed on a photosensitive member by various means employing a photoconductive 
material, then the electrostatic image is developed with a toner, and the resultant toner image, after being transferred 
10 onto a transfer-receiving material such as paper, as desired, fixed by heating and/or pressing to obtain a copy or print 
having thereon a fixed toner image. 

Further, there have been also proposed various methods for developing an electrostatic image with a toner or for 
fixing a toner image. 

The toner used for such purposes has generally been produced by melt-kneading a colorant (dye or pigment) and 

75 an optional additive within thermoplastic resin(s) to uniformly disperse the ingredients for the toner, finely pulverizing 
the dispersed product by a fine pulverizer, and classifying the pulverized product by a classifier to obtain a toner having 
a desired particle size distribution. 

According to the production process (pulverization process), it is possible to provide a considerably excellent toner 
but is accompanied with a constraint on a selection range for toner materials or ingredients. For instance, a colorant- 

20 dispersed resin composition for producing toner particles used in the production process is required to be considerably 
fragile and the resultant dispersed product is also required to be finely pulverized by an economically and practically 
acceptable pulverizing device. In order to meet such requirements, however, when the colorant-dispersed resin compo- 
sition is made fragile, a particle size range (distribution) of particles obtained by the fine pulverization is liable to become 
broad, particularly is liable to include a fine particle fraction in a large amount. In addition, the toner particles obtained 

25 from such a high fragile colorant-dispersed resin composition are liable to be further pulverized when used in a copying 
machine or printer. Further, in the pulverization process, it is difficult to uniformly dispersing the solid fine particles (such 
a colorant particles) within the resin component, thus leading to an increase in fog and lowerings in image density, color- 
mixing properties and transparency, depending upon a degree of the cfispersions. Further, the resultant toner particles 
c&n cause a fluctuation in developing characteristics due to exposure of the colorant at the broken surface in some 

30 cases. 

In order to remedy the above-mentioned problems of the toner particles obtained by the pulverization (production) 
process, there have been proposed production processes of toner particles according to a suspension polymerization 
process as described in Japanese Patent Publications (JP-B) Nos. 36-10231, 43-10799 an 51-14895. 

In the production process by the suspension polymerization process, a monomer composition is prepared by uni- 

35 formly dissolving or dispersing a polymerizable monomer, a colorant, a polymerization initiator, and optional compo- 
nents, such as a crosslinking agent a charge control agent and other additives, as desired, and then the resultant 
monomer composition is dispersed into an aqueous phase containing a dispersion stabilizer by means of an appropri- 
ate stirring device to form particles of the monomer composition, followed by polymerization of the polymerizable mon- 
omer in the monomer composition to obtain toner particles having a desired particle size (distribution). 

40 According to the production process (using the suspension polymerization), the resultant toner particles are not 
required to be fragile since the production process is not accompanied with the pulverizing step, thus readily including 
a soft material component within each toner particles. Further, the exposure of the colorant at the toner particle surface 
is not readily caused and the resultant toner particles have the advantage of having a uniform triboelectric chargeability. 
Such toner particles produced through the suspension polymerization process, however, are in such a state that 

45 fine resin particles formed at the time of the polymerization and/or fine particles of an emulsified resin are attached to 
the respective toner particle surfaces. As a result it is difficult to remove the fine resin particles from the toner particles 
by simply using a wind or pneumatic classifier. 

The resultant toner or developer comprising the toner particles to which a large amount of the fine resin particles 
are attached is liable to be deteriorated when used for continuous image formation on a large number of sheets. For 

so this reason, there has been desired to provide a toner improved in performances in continuous image formation on a 
large number of sheets. 

SUMMARY OF T HE INVENTION 

55 A generic object of the present invention is to provide a toner for developing electrostatic images having solved the 
above-mentioned problems. 

A specific object of the present invention is to provide a toner for developing electrostatic images excellent in per- 
formances in continuous image formation on a large number of sheets. 
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Another object of the present invention is to provide a toner for developing electrostatic images having a sable tri- 
boelectric chargeability in the continuous image formation. 

Another object of the present invention is to provide a toner for developing electrostatic images by which a devel- 
oping sleeve and/or a toner application member is not readily soiled. 

Another object of the present invention is to provide a toner for developing electrostatic images excellent in trans- 
ferability 

A further object of the present invention is to provide an image forming method using the above-mentioned toner. 
A still further object of the present invention is to provide a developing apparatus unit including the above-men- 
tioned toner. 

According to the present invention, there is provided a toner for developing an electrostatic image, comprising: 
toner particles and an additive, 

wherein the toner particles have a shape factor SF-1 of 1 00 - 1 60, a phase factor SF-2 of 1 00 - 1 40 and a weight- 
average particle size of 4 - 10 ^im as measured by a Coulter counter, and 

the toner contains particles having circle-equivalent diameters in a range of 0.6 - 2.0 ^m and satisfying the following 
conditions (i) -("')• 

(i) a first value of 3 - 50 % by number as measured by a f tow particle image analyzer after application of a 
ultrasonic wave of 20 kHz for 5 min., 

(ii) a second value C 2 of 2 - 40 % by number as measured by the flow particle image analyzer after application 
of a ultrasonic wave of 20 kHz for 1 min., and 

(iif) a value C of 105 - 150 obtained according to the following equation: 

C^CC^CgJxIOO. 

According to the present invention, there is also provided an image forming method, comprising the steps of: 
charging an electrostatic image-bearing member, 

exposing the charged electrostatic image-bearing member to light to form an electrostatic image, 
developing the electrostatic image by means of a developing apparatus unit including at least a toner-carrying 
member, toner application means for applying a toner onto a surface of the toner-carrying member and a toner ves- 
sel holding the toner to form a toner image on the electrostatic image-bearing member, 

transferring the toner image onto a transfer-receiving material via or not via an intermediate transfer member, and 
fixing the toner image on the transfer-receiving material by Hot-pressure fixing means, 

wherein the toner comprises toner particles and an additive, 
the toner particles have a shape factor SF-1 of 100 - 160, a phase factor SF-2 of 100 - 140 and a weight-average 
particle size of 4 - 10 |im as measured by a Coulter counter, and 

the toner contains particles having circle-equivalent diameters in a range of 0.6 - 2.0 urn and satisfying the following 
conditions (i) - (iii): 

(i) a first value of 3 - 50 % by number as measured by a flow particle image analyzer after application of a 
ultrasonic wave of 20 kHz for 5 min., 

(ii) a second value C 2 of 2 - 40 % by number as measured by the flow particle image analyzer after application 
of a ultrasonic wave of 20 kHz for 1 min., and 

(iii) a value C of 1 05 - 1 50 obtained according to the following equation: 

C^C^C^xlOO. 

According to the present invention, there is further provided a developing apparatus unit detachably mountable to 
a main body of an image forming apparatus, comprising: 

at least a toner-carrying member, toner application means for applying a toner onto a surface of the toner-carrying 
member, and a toner vessel holding the toner, 

wherein the toner comprises toner particles and an additive, 
the toner particles have a shape factor SF-1 of 100 - 160. a phase factor SF-2 of 100 - 140 and a weight-average 
particle size of 4 - 10 urn as measured by a Coulter counter, and 

the toner contains particles having circle-equivalent diameters in a range of 0.6 - 2.0 *im and satisfying the following 
conditions (i) - (iii): 
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(i) a first value C-j of 3 - 50 % by number as measured by a flow particle image analyzer after application of a 
ultrasonic wave of 20 kHz for 5 min., 

(ii) a second value C 2 of 2 - 40 % by number as measured by the f low particle image analyzer after application 
c of a ultrasonic wave of 20 kHz for 1 min., and 

s (iii) a value C of 1 05 - 1 50 obtained according to the following equation: 

C = {C,/C 2 ) x 100. 

These and other objects, features and advantages of the present invention will become more apparent upon a con- 
10 sideration of the following description of the preferred embodiments of the present invention taken in conjunction with 
the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

75 Figure 1 is a schematic sectional view of an embodiment of an image forming apparatus, including a roller-shaped 
intermediate transfer member, suitable for the image forming method according to the present invention. 

Figure 2 is a schematic sectional view of another embodiment of an image forming apparatus, including a belt- 
shaped intermediate transfer member, suitable for the image forming method of the present invention. 

Figure 3 is a schematic sectional view of an embodiment of a developing apparatus unit, for effecting mono-com- 
20 ponent non-magnetic developing, according to the present invention. 

Figure 4 is a graph showing an example of a number-basis distribution of circle-equivalent diameters of a toner as 
measured by a flow particle image analyzer. 

Figure 5 is a schematic sectional view of a gas stream classifier utilizing the Coanda effect for controlling an amount 
of fine resin particles attached to toner particles. 
25 Figures 6 and 7 are respectively a perspective view of a part of the gas stream classifier shown in Figure 5. 
Figure 8 is a plan view taken along A-A* line shown in Figure 5. 
Figure 9 is a sectional view showing a principal part of the classifier shown in Figure 5. 

Figure 1 0 is a schematic view for illustrating an embodiment of a classifying process used for classification of toner 
particles adopted in the present invention. 

30 

DETAILED DESCRIPTION OF THE INVENTION 

In the present invention, the toner comprising toner particles and an additive (external additive) is characterized by 
containing particles which have circle-equivalent diameters in a range of 0.6 - 2.0 jim and satisfy the following condi- 
35 tions (i), (ii) and (iii): 

(i) a first value C 1 of 3 - 50 % by number as measured by a flow particle image analyzer (herein, referred to as TP I A 
measurement" specifically described below) after application o1 a ultrasonic wave of 20 kHz for 5 min., 

(ii) a second value C 2 of 2 - 40 % by number as measured by the flow particle image analyzer after application of 
40 a ultrasonic wave of 20 kHz for 1 min., and 

(iii) a value C of 105 - 150 obtained according to the following equation: 

C = (C 1 /C 2 )x100. 

45 More specifically, with respect to the condition (ii), for measurement, a sample toner (5 mg) is dispersed for 1 min. 
in a solution of a nonionic surfactant (0.1 mg) in water (10 ml) by an ultrasonic disperser providing an ultrasonic wave 
of 20kHz at an intensity of 50 W/10 cm 3 and then is subjected to measurement of a number-basis distribution of circle- 
equivalent diameters of 0.6 - 159.21 urn according to the FPIA measurement to obtain a first value C-j (% by number) 
for particles having circle-equivalent diameters of 0.6 - 2.0 jim. 

so After the ultrasonic dispersion for 1 min., the (eternal) additive externally added to the toner particles and fine par- 
ticles weakly attached to the surfaces of the toner particles are detached from the toner particle surfaces to form free 
fine particles to be counted as a second measured value Cg. 

Thereafter, when the ultrasonic dispersion is further continued, fine particles still remaining on (attached to) the 
toner particle surfaces after the ultrasonic dispersion for 1 min. are detached therefrom to form additional free fine par- 

55 tides. 

As a result, a first measured value C-i after the ultrasonic dispersion for 5 min. in total (1 min. + 4 min.) is cumula- 
tively counted so that an amount (% by number) of the free fine particles newly detached from the toner particle sur- 
faces from after the 1 min. of ultrasonic dispersion until after the 5 min. (in total) of ultrasonic dispersion is added to that 
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(the second value (C^ obtained after the 1 min. of ultrasonic dispersion. 

The value (ratio) C (= (C .,/C 2 ) x 100) represents an increasing rate (ratio) of the first value C, to the second value 
C 2 in the FPIA measurement. 

When the value C is in a range of 1 05 - 150, the toner is stably applied onto the surface of a toner-carrying member 
5 for a long period of time, thus stabilizing a triboelectric charge of the toner with the time. 

Below 105, the stability of toner application onto the toner-carrying member surface is liable to be lowered, thus 
strengthening the tendency to provide an excessively thick toner layer formed on the toner-carrying member. 

Above 1 50, an amount of fine particles detached from the surfaces of the toner particles in a continuous image for- 
mation on a large number of sheets is excessively increased, thus being liable to cause a lowering in triboelectric 
w chargeability, an irregularity (unevenness) in toner image and a lowering in transferability. 

The value C may preferably be in a range of 1 10 - 145, more preferably *? 15 - 140. 

In the present invention, the toner has a first value Cj of 3 - 50 % by numoer, preferably 3 - 45 % by number, more 
preferably 3 - 40 % by number. 

If the first value is in excess of 50 % by number, fine particles having circle-equivalent diameters of 0.6 - 2.0 ^m 
15 are liable to soil a developing sleeve and/or a charging member, whereby the triboelectric chargeability of the toner is 
liable to be lowered and the toner is not readily uniformly applied onto the developing sleeve, thus being liable to cause 
a streak unevenness in a resultant toner image. 

On the other hand, if the first value Ci is below 3 % by number, the triboelectric charge of the toner in a low-tem- 
perature and low-humidity environment is increased (so-called charge-up phenomenon), whereby the developing 
20 sleeve is not readily coated with the toner uniformly, thus being liable to cause a wavy(-shaped) unevenness in a half- 
tone toner image. 

In the present invention, the toner also has a second value Cz of 2 - 40 % by number, preferably 3 - 35 % by number, 
more preferably 8 - 25 % by number. 

In a preferred embodiment, the toner according to the present invention may desirably have a first value C 1 of 5 - 
25 40 % by number, particularly 1 0 - 35 % by number; a second value C 2 of 3 - 35 % by number, particularly 8 - 25 % by 
number; and a value C of 1 1 0 - 1 45, particularly 1 1 5 - 1 40, in view of stabilizations of the triboelectric charge and coat- 
ing state of the toner layer formed on the toner-carrying member in a continuous image formation on a large number of 
sheets. 

Hereinbelcw, the FPIA measurement for determining the above-described values C 1( C2 and C will be specifically 
30 explained. 

FPIA measurement > 

Flow Particle Image Analyzer ( n FPIA-1000", available from Toa lyou Denshi K.K.) is used for the measurement. 

35 Into 10 ml of water from which fine dirt has been removed by passing through a filter so as to reduce the number 
of contaminant particles (having particle sizes in the measurement range (i.e., circle-equivalent diameters of 0.60 - 
159.21 jim)) to at most 20 particles, 0.1 mg of a nonionic surfactant (e.g., "Contaminone N", mfd. by Wako Junyaku 
K.K.) is added as a dispersant, and 5 mg of a sample is added, followed by 1 min. of dispersion (for measurement) 
and 4 min. (5 min. in total) of dispersion (for measurement) by means of an ultrasonic disperser (e.g., "UH-50", mfd. 

40 by SMT Co.) providing an ultrasonic wave of 20 kHz at an intensity of 50 W/10 cm 3 , to form a sample dispersion liquid 
having a concentration of 4000 - 8000 particles/10" 3 cm 3 (based on particles in the measurement range). The sample 
dispersion liquid is subjected to measurement of particle size distribution in a circle-equivalent diameter range of 0.60 
- 159.21 11m (upper limit, not inclusive). 

The outline of the measurement (based on a technical brochure and an attached operation manual on "FPIA-1000" 

45 published from Toa lyou Denshi K.K. (June 1995), and JP-A 8-136439) is as follows. 

A sample dispersion liquid is caused to flow through a thin transparent flow cell (thickness = ca. 200 urn) having a 
divergent flow path. A strobe and a CCD camera are disposed at mutually opposite positions with respect to the flow 
cell so as to form an optical path passing across the thickness of the flow cell. During the flow of the sample dispersion 
liquid, the strobe is flashed at intervals of 1/30 second each to capture images of particles passing through the flow cell. 

so so that each particle provides a two dimensional image having a certain area parallel to the flow cell. From the two- 
dimensional image area of each particle, a diameter of a circle having an identical area is determined as a circle-equiv- 
alent diameter. During ca. 1 min., circle-equivalent diameters of more than 1200 particles can be determined, from 
which a number basis circle-equivalent diameter distribution, and a proportion (% by number) of particles having a pre- 
scribed circle-equivalent diameter range can be determined. (As a specific example, in the case of a toner dispersion 

55 liquid containing ca. 6000 particles/10' 3 cm 3 , the diameters of ca. 1800 particles can be determined in ca. 1 min.) The 
results (frequency % and cumulative %) may be given for 226 channels in the range of 0.60 \ixx\ - 400.00 *im (80 chan- 
nels (divisions) for one octave) as shown in the following Table 1 (for each channel, the lower limit size value is included 
and the upper limit size value is excluded), whereas particles having circle-equivalent diameters in a range of 0.60 u,m 
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- 159.21 jim (upper limit not inclusive) are subjected to an actual measurement 

Table 1 

Circle-equivalent diameter (C.E.D.) ranges 
for respective channels (Ch) 



Ch 


C.E.D 


. range ( pm ) 




Ch 


C.E.D 




rancre Cum) 


1 


0.60 


- 0.61 




44 


2.06 


_ 


2.12 


2 


0.61 


- 0.63 




45 


2.12 




2. 18 


3 


0.63 


- 0.65 




46 


2.18 




2.25 


4 


0.65 


- 0.67 




47 


2.25 




2.31 


5 


0.67 


- 0.69 




48 


1 2.31 




2 .38 


6 


0.69 


- 0.71 




49 


2.38 




2.45 


7 


0.71 


- 0.73 




50 


2.45 





2.52 


8 


0.73 


- 0.75 




51 


2.52 




2.60 


9 


0.75 


- 0.77 




52 


2.60 




2.67 


10 


0.77 


- 0.80 




53 


2.67 




2.75 


11 


0.80 


- 0.82 




54 


2.75 




2.83 


12 


0.82 


- 0.84 




55 


2.83 


_ 


2.91 


13 


0.84 


- 0.87 


« 


56 


2.91 




3.00 


14 


0.87 


-0.89 




57 


3.00 




3.09 


15 


0.89 


- 0.92 




58 


3.09 




3.18 


16 


0.92 


- 0.95 




59 


3. 18 




3.27 


17 


0.95 


- 0.97 




60 


3.27 




3.37 


18 


0.97 


- 1.00 




61 


3.37 


m 


3.46 


19 


1.00 


- 1.03 




62 


3.46 





3.57 


20 


1.03 


- 1.06 




63 


3.57 




3.67 


21 


1.06 


- 1.09 




64 


3.67 





3.78 


22 


1.09 


- 1.12 




65 


3.78 


_ 


3.89 


23 


1.12 


- 1.16 




66 


3. 89 


_ 


4.00 


24 


1.16 


- 1.19 




67 


4.00 




4.12 


25 


1.19 


- 1.23 




68 


4.12 




4.24 


26 


1.23 


- 1.26 




69 


4.24 




4.36 


27 


1.26 


- 1.30 




70 


4.36 


- 


4.49 


28 


1.30 


- 1.34 




71 


4.49 




4.62 


29 


1.34 


- 1.38 




72 


4.62 




4.76 


30 


1.38 


- 1.42 




73 


4.76 




4.90 


31 


1.42 


- 1.46 




74 


4.90 




5.04 


32 


1.46 


-1.50 




75 


5.04 




5.19 


33 


1.50 


- 1.55 




76 


5.19 




5.34 


34 


1.55 


-1.59 




77 


5.34 




5.49 


35 


1.59 


- 1.64 




78 


5.49 




5.65 


36 


1.64 


-1.69 




79 


5.65 




5.82 


37 


1.69 


- 1.73 




80 


5.82 




5.99 


38 


1.73 


- 1.79 




81 


5.99 




6.16 


39 


1.79 


-1.84 




82 


6.16 




6.34 


40 


1.84 


- 1.89 




83 


6.34 




6.53 


41 


1.89 


- 1.95 




84 


6.53 




6.72 


42 


1.95 


- 2.00 




85 


6.72 




6.92 


43 


2.00 


-2.06 




86 


6.92 




7.12 
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Table 1 (cont.) 



5 


Ch 


C.E.D. 


range (pm) 




Ch 


C.E.D. 


range (pm) 




87 


7.12 




7.33 




135 


28.33 




29.16 




88 


7.33 




7.54 




136 


29.16 




30.01 




89 


7.54 


_ 


7.76 




137 


30.01 




30.89 




90 


7.76 




7.99 




138 


30.89 




31.79 


10 


91 


7.99 




8.22 




139 


31.79 


_ 


32.72 


92 


8.22 




8.46 




140 


32.72 




33.67 




93 


8.46 




8. 71 




141 


33.67 




34.65 




94 


8.71 




8^96 




142 


34.65 




35.67 




95 


8.96 








143 


35.67 




36.71 


15 


96 


9 .22 




9.49 




144 


36.71 




37i78 


97 


9 .49 




9.77 




145 


37.78 


_ 


38.88 




98 


9.77 




10.05 




146 


38.88 




40.02 




99 


10.05 




10.35 




147 


40.02 




41.18 




100 


10.35 


_ 


10.65 




148 


41.18 




42.39 




101 


10.65 




10.96 




149 


42.39 


_ 


43.62 


20 


102 


10.96 




11 .28 




150 


43.62 




44.90 




103 


11.28 




11 .61 




151 


44.90 




46.21 




1G4 


11 .61 




11 .95 




152 


46.21 




47.56 




105 


11 .95 




12.30 




153 


47.56 


_ 


48.94 




106 


12.30 




12 .66 




154 


48.94 




50.37 


25 


107 


12.66 




13.03 




155 


50.37 


_ 


51.84 




108 


13.03 




13 41 




156 


51.84 




53.36 




109 


13.41 




J. «J . o V 




157 


53.36 




54 91 




110 


13.80 




14 20 




158 


54.91 




56.52 




111 


14.20 








159 


56.52 




58 . 17 


30 


112 


14.62 




15 04 




160 


58. 17 




59 !86 


113 


15.04 




15 48 




161 


59.86 




61 .61 




114 


15. 48 




15 .93 




162 


61.61 




63.41 




115 


15. 93 




16 40 




163 


63.41 




65 .26 




116 


16. 40 




16 .88 




164 


65.26 




67 . 16 


35 


117 


16. 88 




17 37 




165 


67. 16 




69 . 12 


118 


17.37 




17 .88 




166 


69.12 




71 . 14 




119 


17.88 




18 40 




167 


71.14 




73 . 22 




120 


18.40 




18 .94 




168 


73.22 




75.36 




121 


18.94 




19 .49 




169 


75.36 




77 .56 


40 


122 


19.49 


- 


20".06 




170 


77.56 


- 


79.82 


123 


20.06 




20.65 




171 


79.82 




82.15 




124 


20.65 




21.25 




172 


82.15 




84.55 




125 


21.25 




21.87 




173 


84.55 




87.01 




126 


21.87 




22.51 




174 


87.01 




89.55 




127 


22.51 




23.16 




175 


89.55 




92.17 


45 


128 


23.16 




23.84 




176 


92.17 




94.86 




129 


23.84 




24.54 




177 


94.86 




97.63 




130 


24.54 




25.25 




178 


97.63 




100.48 




131 


25.25 




25.99 




179 


100.48 




103.41 




132 


25.99 




26.75 




180 


103.41 




106.43 


SO 


133 


26.75 




27.53 




181 


106.43 




109.53 




134 


27.53 




28.33 




182 


109.53 




112.73 



55 



7 

DOCID: <EP 0869397A2J_> 



EP 0 869 397 A2 



Table 1 (cont . ) 



5 


Ch 


C.E.D. 


range (pm) 




183 


112.73 


— 


116.02 




184 


116 .02 


— 


119.41 




185 


119.41 


— 


122.89 




186 


122.89 


— 


126.48 


10 


187 


126 .48 


— 


130.17 




188 


130 . 17 


- 


133.97 




189 


133.97 


— 


137.88 




190 


137.88 


— 


141.90 




191 


141 .90 


— 


146.05 


15 


192 


146.05 


- 


150.31 




193 


150.31 


— 


154.70 




194 


154.70 


- 


159.21 




195 


159.21 


— 


163.86 




196 


163.86 


- 


168.64 


20 


197 


168.64 


— 


173.56 




198 


173.56 


- 


178.63 




199 


178.63 


— 


183.84 




200 


183 .84 


— 


189.21 




201 


189.21 


— 


194.73 


25 


202 


194 .73 


— 


200.41 




203 


200.41 


— 


206.26 




204 


206.26 


— 


212.28 




205 


212.28 


— 


218.48 




206 


218.48 


— 


224.86 


30 


207 


224 .86 


— 


231.42 




208 


231 .42 


— 


238. 17 


• 


209 


238 .17 


— 


245. 12 




210 


245 . 12 


— 


252.28 




211 


252 .28 


— 


259.64 


35 


212 


259 . 64 


— 


267.22 




213 


267.22 


— 


275.02 




214 


275 .02 


— 


283.05 




215 


283.05 


— 


291.31 




216 


291 .31 




299. 81 


40 


217 


299 .81 




308.56 




218 


308 • 56 




317.56 




219 


317.56 




326.83 




220 


326.83 




336.37 




221 


336.37 




346.19 


45 


222 


346.19 




356.29 




223 


356.29 




366.69 




224 


366.69 




377.40 




225 


377.40 




388.41 




226 


388.41 




400.00 


50 











An example of a number-basis circle-equivalent diameter distribution obtained for a toner according to the above- 
55 described FPIA measurement is given in Figure 4. 

In the present invention, the toner particles constituting the toner according to the present invention have a shape 
factor SF-1 of 100 - 160 and a shape factor SF-2 of 100 - 140. 

If the SF-1 exceeds 160 or/and the SF-2 exceeds 140, the addition effect of the (external) additive is lowered and 
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the transferability of the toner is also lowered, thus deteriorating image-forming performances of the toner in a continu- 
ous image formation on a large number of sheets. 

These phenomena are particularly noticeable in the case of a toner for a non-magnetic monocomponerrt develop- 
ing. 

s The shape factor SF-1 may preferably be 1 00 - 1 50. more preferably 1 00 - 1 30, and the shape factor SF-2 may pref- 

erably be 100 - 130, more preferably 100-125. 

In the present invention, the shape factors SF-1 and SF-2 are determined based on values obtained in the following 
manner. 

100 toner particle images observed through a field emission scanning electron microscope (FE-SEM) (e.g.. "S- 
w 800", available from Hitachi Ltd.) at a magnification of 500 are sampled at random. The resultant image data of the toner 
particle images are inputted into an image analyzer (e.g., "Luzex III, available from Nireco K.K.) through an interface, 
whereby SF-1 and SF-2 are determined based on the following equations: 

SF-1 = [(MXLNG) 2 /AREA] x (rc/4) x 100, 
75 SF-2 - [(PERI) Z /AREA] x (1/4n) x 100, 

wherein MXLNG denotes the maximum length (diameter) of a toner particle, AREA denotes the projection area of a 
toner particle, and PERI denotes a perimeter (i.e., a peripheral length of the outer surface) of a toner particle. 
20 In the above measurement for the shape factors SF-1 and SF-2, the toner comprising toner particles externally 
blended with an additive generally provides an SF-1 and an SF-2 each substantially equal to those for the toner parti- 
cles before the external blending with the additive. 

The toner toner of the present invention comprises toner particles having a weight-average particle size (D 4 ) of 4 - 
10 |im, preferably 4 - 8 urn. 

25 Above 10 fim, the resultant resolution of the toner image is decreased. Below 4 jim. the resultant image density at 
a solid image portion is lowered. 

On the other hand, when the toner particles have a D 4 in a range of 4 - 10 urn, a uniform toner layer can readily be 
liable to be formed on the developing sleeve even in the case of the non-magnetic monocomponerrt developing method. 
The weight-average particle size (D 4 ) value of the toner particles and the toner according to the present invention 
30 is based on the following Coulter counter measurement. 

Coulter counter (CC) measurement) 

Coulter counter "Model TA-II" (available from Coulter Electronics Inc.) or Coulter Multisizer II (available from Coulter 

35 Electronics Inc.) may, e.g., be used as a measuring apparatus. A 1 %-NaCI aqueous solution is prepared as an electro- 
lytic solution by using a reagent-grade sodium chloride (it is also possible to use ISOTON R-ll (available from Coulter 
Scientific Japan K.K.)). For the measurement, 0.1 to 5 ml of a surfactant, preferably a solution of an alkylbenzenesul- 
fonic acid salt, is added as a dispersant into 100 to 150 ml of the electrolytic solution, and 2 - 20 mg of sample toner 
particles (or a sample toner) are added thereto. The resultant dispersion of the sample in the electrolytic solution is sub- 

40 jected to a dispersion treatment for ca. 1 - 3 minutes by means of an ultrasonic disperser, and then subjected to meas- 
urement of particle size distribution in the range of 2.00 - 40.30 ^m divided into 13 channels by using the above- 
mentioned apparatus with a 100 jim-aperture to obtain a volume-basis distribution and a number-basis distribution. 
From the volume-basis distribution, a weight-average particle size (D4) is calculated by using a central value as a rep- 
resentative value for each channel. 

45 The particle size range of 2.00 - 40.30 urn is divided into 13 channels of 2.00 - 2.52 jim; 2.52 - 3.17 urn; 3.17 - 4.00 
jim; 4.00 - 5.04 urn; 5.04 - 6.35^m; 6.35 - 8.00 urn; 8.00 - 10.08 urn; 10.08 - 12.70 jim; 12.70 - 16.00 *im; 16.00 - 20.20 
urn; 20.20 - 25.40 \ar\\ 25.40 - 32.00 pm; and 32.00 - 40.30 *im. For each channel, the lower limit value is included, and 
the upper limit value is excluded. 

In the above measurement for the weight average particle size (D 4 ), the toner comprising toner particles externally 

so blended with an additive ordinarily provides a D 4 substantially equal to that for the toner particles not externally blended 
with the additive. 

In the present invention, the toner particles may preferably contain a low-softening point substance (a substance 
showing a low-softening point) in order to improve a f ixability. The low-softening point substance may preferably provide 
a DSC curve, as measured by a differential scanning colorimeter according to ASTM D341 8-8, showing a principal heat 
55 absorption peak temperature of 40 - 90 °C. If the temperature is below 40 °C, the low-softening point substance is low- 
ered in its self-cohesive force, thus resulting in a decreased anti-offset characteristic at high temperature. On the other 
hand, if the temperature is above 90 °C, a fixation temperature is undesirably increased. In the case of directly produc- 
ing toner particles by direct polymerization (appearing hereinbelow), steps of forming particles and polymerization are 
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performed in an aqueous medium, so that the low-softening point substance is not softened at the time of the particle 
" formation if the above-mentioned temperature is high (e.g., above 90 °C). As a result, it is difficult to provide a sharp 

particle size distribution of the resultant toner particles. 
- Preparation of a heat absorption (DSC) curve for the low-softening point substance may be performed by using, 
5 e.g., a commercially available differential scanning calorimeter ("DSC-7 n (trade name), manufactured by Perkin-Elmer 

Corp.). In the apparatus, temperature correction at a sensor (detection) portion is effected by using melting points of 

indium and zinc and correction of heat quantity at the sensor portion is effected by using a heat of fusion of indium. A 

sample is placed on an aluminum pan and a blank pan is set for reference. The DSC measurement is performed by 

heating (temperature increase) at a rate of 10 °C/min. 
io Examples of the low-softening point substance may include paraffin wax, polyolefin wax, Fischer-Tropsch wax, 

amide wax, higher fatty acid, ester wax, derivatives thereof, grafted compounds thereof and blocked compounds 

thereof. 

The low-softening point substance may preferably be added into the toner particles in an amount of 3 - 30 wt. %. 
Below 3 wt. %, the fixability and the anti-offset characteristic are liable to be lowered. Above 30 wt. %, the toner 
75 particles are liable to cause coalescent or aggregation therebetween during the particle formation even in the polymer- 
ization production process, thus being liable to have a broad particle size distribution. 

In order to include the low-softening point substance in the toner particles, a specific method therefor may be per- 
formed by setting a polarity in an aqueous medium of the low-softening point substance lower than that of a principal 
monomer component and adding a small amount of a resin or a monomer having a larger polarity to the above system 
20 to form toner particles having a core-shell structure comprising the low-softening point substance enclosed by (coated 
with) the outer resin. In this instance, control of a particle size distribution or a particle size of the toner particles may 
be performed by appropriately changing an inorganic salt having little water-soluble characteristic or a dispersant func- 
tioning as a protective colloid and the addition amount thereof or controlling stirring conditions of a particle-forming 
apparatus (such as a peripheral speed of a rotor, number of pass for the aqueous medium and a stirring blade shape) 
25 and a shape of a reaction vessel, or the solid content and the viscosity of the polymer composition in the aqueous 
medium. As a result, it is possible to obtain toner particles having a prescribed particle size (distribution). 

In the present invention, cross-section observation of the toner particles through a transmission electron micro- 
scope (TEM) may be performed as follows. 

• Sample toner particles are dispersed in a cold-setting epoxy resin and are cured or hardened for 2 days at 40 °C. 
30 The resultant hardened product is cut out in the form of a thin film by a microtome having diamond teeth. The resultant 
thin film of the sample toner particles is subjected to observation through the TEM. In the present invention, a dyeing 
method using triruthenium tetraoxide (optionally in combination with triosmium tetraoxide) may preferably be used in 
order to provide a contrast between the low-softening point substance and the outer resin by utilizing a difference in 
crystallinity therebetween. 

35 ( In the present invention, examples of a polymerizable monomer for producing a binder resin may include: vinyl-type 
monomers, examples of which may include: styrene and its derivatives such as styrene, o-, m- or p-methylstyrene, and 
m- or p-ethylstyrene; (meth)acrylic add esters such as methyl (meth)acrylate, ethyl (meth)acrylate, propyl (meth)acr- 
ylate, butyl (meth)acrylate, octyl (meth)acrylate, dodecyl (meth)acrylate, 2-ethylhexyl (meth)acrylate, stearyl (meth)acr- 
ylate, behenyl (meth)acrylate, dimethylaminoethyl (meth)acrylate. and diethylaminoethyl (meth)acrylate; butadiene; 

40 isoprene; cyclohexene; (meth)acrylonitrile, and acrylamide. These monomers may be used singly or in mixture of two 
or more species. 

The above monomers may preferably have a theoretical glass transition point (Tg), described in "POLYMER HAND- 
BOOK", second addition, lll-pp. 139 - 192 (available from John Wiley & Sons Co.), of 40 - 75 °C singly or in mixture. If 
the theoretical glass transition point is below 40 °C, the resultant toner particles are lowered in storage stability and 
45 durability (stability of toner performances in a continuous image formation on a large number of sheets). On the other 
hand, the theoretical glass transition point is in excess of 75 °C, the fixation temperature of the toner is increased, 
whereby respective color toner particles have insufficient color-mixing characteristics in the case of full-color image for- 
mation in particular. As a result, the resultant toner has a poor color reproducibility and undesirably lower a transpar- 
ency of an OHP image. 

so In the present invention, the molecular-weight (distribution) of the binder resin may be measured by gel permeation 
chromatography (GPC) as follows. 

In the case of toner particles having a core-shell structure, the toner particles or the toner is subjected to extraction 
with toluene for 20 hours by means of Soxhlet extractor in advance, followed by distilling-off of the solvent (toluene) to 
obtain an extract. An organic solvent (e.g.,chloroform) in which a low-softening point substance is dissolved and a 

55 binder resin is not dissolved is added to the extract and sufficiently washed therewith to obtain a residue product. The 
residue product is dissolved in tetrahydrofuran (THF) and subjected to filtration with a solvent-resistance membrane fil- 
ter having a pore size of 0.3 \jm to obtain a sample solution (THF solution). The sample solution is injected in a GPC 
apparatus ("GPC-150C", available from Waters Co.) using columns of A-801 , 802, 803, 804, 805, 806 and 807 (manu- 
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factured by Showa Denko K.K.) connected to each other in combination. The identification of sample molecular weight 
and its molecular weight distribution are performed based on a calibration curve obtained by using monodisperse pol- 
ystyrene standard samples. In the present invention, the binder resin may preferably have a weight-average molecular 
weight (Mw) of 5,000 - 1 ,000,000 and a ratio of the weight-average molecular weight (Mw) to a number-average molec- 

5 ular weight (Mn) (i.e., Mw/Mn) of 2 - 100. 

In order to enclose the low-softening point substance in the outer resin (layer) for preparing the toner particles each 
having the core-shell structure, it is particularly preferred to add a polar resin other than the binder resin. Preferred 
examples of such a polar resin used in the present invention may include styrene-(meth)acrylate copolymer, maleic 
acid-based copolymer, saturated polyester resin, epoxy resin and polycarbonate resin. The polar resin may particularly 

io preferably have no unsaturated group capable of reacting with the outer resin or a vinyl monomer constituting the outer 
resin. This is because if the polar resin has an unsaturated group, the unsaturated group causes crosslinking reaction 
with the vinyl monomer, thus resulting in a resin component having an excessively high molecular weight. As a result, 
such a polar resin is lowered in color-mixing characteristic with respect to three color toners for full-color image forma- 
tion. 

15 In the present invention, it is possible to further form an outermost resin layer on the surfaces of the toner particles. 
An outermost resin for the outermost resin layer may preferably have a glass transition point higher than that of the 
above-mentioned outer resin in view of a further improvement in anti-blocking characteristic. Further, the outermost 
resin may preferably be crosslinked to the extent that the resultant f ixabilrty is not impaired. 

In the outermost resin layer, the polar resin and a charge control agent may be incorporated in order to improve a 
so chargeability. 

The outermost layer may. e.g., be formed by the following methods 1), 2) and 3). 

1) During a later stage or after the polymerization reaction, a monomer composition containing, e.g., a polar resin, 
a charge control agent and a crosslinking agent dissolved or dispersed therein is added in a reaction system, as 

25 desired, so as to be adsorbed by polymerizable particles, followed by addition of a polymerization initiator to effect 
polymerization of the monomer component. 

2) Into the reaction system, polymerization particles obtained through emulsion or soap-free polymerization of a 
monomer composition containing, e.g., a polar resin, a charge control agent and a crosslinking agent, as desired, 
are added, whereby the polymerization particles are aggregated or attached to the surfaces of the (polymerization) 

30 toner particles optionally under heating for fixing, as desired. 

3) Such polymerization particles (used in the method 2)) are dry-blended mechanically with the toner particles for 
fixing at the toner particle surfaces. 

The colorant used in the present invention may include a black colorant, yellow colorant, a magenta colorant and a 
35 cyan colorant. 

Examples of the black colorant may include: carbon black, a magnetic material, and a colorant showing black by 
color-mixing of yellow/magenta/cyan colorants shown below. 

Examples of the yellow colorant may include: condensed azo compounds, isoindolinone compounds, arrthraqui- 
none compounds, azo metal complexes, methine compounds and arylamide compounds. Specific preferred examples 
40 thereof may include CI. Pigment Yellow 12, 13. 14, 15, 17,62.74,83,93,94,95,109, 110, 111,128, 129, 147and168. 

Examples of the magenta colorant may include: condensed azo compounds, diketopyrrolpyrrole compounds, 
anthraquinone compounds, qutnacridone compounds, basis dye lake compounds, naphthol compounds, benzimida- 
zole compounds, thioindigo compounds an perylene compounds. Specific preferred examples thereof may include: C.I. 
Pigment Red 2, 3, 5, 6, 7, 23, 48:2, 48:3, 48:4, 57:1. 81:1, 144, 146, 166, 169, 177. 184, 185, 202, 206. 220, 221 and 
45 254. 

Examples of the cyan colorant may include: copper phthalocyanine compounds and their derivatives, anthraqui- 
none compounds and basis dye lake compounds. Specific preferred examples thereof may include: CI. Pigment Blue 
1, 7, 15, 15:1, 15:2, 15:3, 15:4, 60, 62. and 66. 

These colorants may be used singly, in mixture of two or more species or in a state of solid solution. The above 
so colorants may be appropriately selected in view of hue, color saturation, color value, weather resistance, OHP transpar- 
ency, and a dispersibility in toner particles. The above colorants may preferably be used in a proportion of 1 - 20 wt. 
parts per 100 wt. parts of the resin. The black colorant comprising the magnetic material may preferably be used in a 
proportion of 40 - 150 wt. parts per 100 wt. parts of the resin. 

The charge control agent used in the present invention may include known charge control agents. The charge con- 
55 trol agent may preferably be one being colorless and having a higher charging speed and a property capable of stably 
retaining a prescribed charge amount. In the case of using the direct polymerization for producing the toner particles of 
the present invention, the charge control agent may particularly preferably be one free from polymerization-inhibiting 
properties and not or little containing a component soluble in an aqueous medium. 
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The charge control agent used in the present invention may be those of negative-type or positive-type. Specific 
examples of the negative charge control agent may include: metal-containing acid-based compounds comprising acids 
such as salicylic acid, naphtoic acid, and dicarboxylic acid; polymeric compounds having a side chain comprising sul- 
- fonic acid or carboxylic acid; boron compound; urea compounds; silicon compound; and calixarene. Specific examples 

5 of the positive charge control agent may include: quaternary ammonium salts; polymeric compounds having a side 
chain comprising quaternary ammonium salts; guanidine compounds; and imidazole compounds. 

The charge control agent used in the present invention may preferably be used in a proportion of 0.5-10 wt. parts 
per 100 wt parts of the resin. 

However, the charge control agent is not an essential component for the toner particles used in the present inven- 

10 Won. The charge control agent can be used as an optional additive in some cases. More specifically, in the case of using 
two-component developing method, it is possible to utilize triboelectric charge with a carrier. In the case of using a non- 
magnetic one-component blade coating developing method, it is aggressively utilize triboelectric charge with a blade 
member or a sleeve member. 

Examples of the polymerization initiator usable in the direct polymerization may include: azo-or diazo-type polym- 

75 erization initiators, such as 2,2'-azobis-(2,4-dimethylvaleronitrile) ( 2,2'-azobisisobutylon"rtrile, 1 ,1'-azobis(cyclohexane- 
2-carbonitrile), 2,2'-azobis-4-methoxy-2,4-dimethylvaleronitrile, azobisisobutyronitrile; and peroxide-type polymeriza- 
tion initiators such as benzoyl peroxide, methyl ethyl ketone peroxide, diisopropyl peroxycarbonate, cumene hydroper- 
oxide, 2,4-dichlorobenzoyl peroxide, and lauroyl peroxide. The addition amount of the polymerization initiator varies 
dep nding on the molecular weight of the binder resin to be attained. The polymerization initiator may generally be used 

20 in the range of about 0.5 - 20 wt. parts based on 1 00 wt parts of the polymerizable monomer used. The polymerization 
initiators somewhat vary depending on the polymerization process used and may be used singly or in mixture while 
making reference to 1 0-hour half-life period temperature. 

In order to control a polymerization degree of the resultant binder resin, it is also possible to add a crosslinking 
agent, a chain transfer agent, a polymerization inhibitor, etc. 

25 In production of the polymerization toner particles by the suspension polymerization using a dispersion stabilizer, 
it is preferred to use an inorganic or/and an organic dispersion stabilizer in an aqueous dispersion medium. Examples 
of the inorganic dispersion stabilizer may include: tricalcium phosphate, magnesium phosphate, aluminum phosphate, 
zinc phosphate, calcium carbonate, magnesium carbonate, calcium hydroxide, magnesium hydroxide, aluminum 
hydroxide, calcium metasilicate, calcium sulfate, barium sulfate, berrtonite, silica, and alumina. Examples of the organic 

30 dispersion stabilizer may include: polyvinyl alcohol, gelatin, methyl cellulose, methyl hydroxypropyl cellulose, ethyl cel- 
lulose, carbaxymethyl cellulose sodium salt and starch. These dispersion stabilizers may preferably be used in the 
aqueous dispersion medium in an amount of 0.2 - 20 wt. parts per 100 wt. parts of the polymerizable monomer com- 
position (mixture). 

In the case of using an inorganic dispersion stabilizer, a commercially available product can be used as it is, but it 

35 is also possible to form the stabilizer in situ in the dispersion medium under high-speed stirring so as to obtain fine par- 
ticles thereof with a uniform particle size. In the case of tricalcium phosphate, for example, an aqueous sodium phos- 
phate solution and an aqueous calcium chloride solution may be blended under an intensive stirring to obtain tricalcium 
phosphate particles suitable for the suspension polymerization. 

In order to effect fine dispersion of the dispersion stabilizer, it is also effective to use 0.001 - 0.1 wt. % of a nonionic, 

40 anionic or cationic surfactant in combination. Examples of the surfactant may include: sodium dodecylbenzenesul- 
fonate, sodium tetradecyl sulfate, sodium pentadecyi sulfate, sodium octyl sulfate, sodium oleate, sodium laurate, 
potassium stearate, and calcium oleate. 

Th toner particles used in the present invention may be produced by direct polymerization in the following manner. 
A polymerizable monomer, a low-softening point substance, a colorant, a polymerization initiator and another optional 

45 addrtiv are uniformly dissolved or dispersed by a homogenizer or an ultrasonic dispersing device to form a polymeriz- 
able monomer composition, which is then dispersed and formed into particles in an aqueous dispersion medium con- 
taining a dispersion stabilizer by means of a stirrer, homomixer or homogenizer preferably under such a condition that 
droplets of the polymerizable monomer composition can have a desired particle size of the resultant toner particles by 
controlling stirring speed and/or stirring time. Thereafter, the stirring may be continued in such a degree as to retain the 

so particles of the polymerizable monomer composition thus formed and prevent the sedimentation of the particles. The 
polymerization may be performed at a temperature of at least 40 °C, generally 50-90 °C. The temperature can be 
raised at a latter stage of the polymerization. It is also possible to subject a part of the aqueous system to distillation in 
a latter stage of or after the polymerization in order to remove the yet-polymerized part of the polymerizable monomer 
and a by-product. After the reaction, the produced toner particles are washed, filtered out, and dried. In the suspension 

55 polymerization, it is generally preferred to use 300 - 3000 wt. parts of the aqueous medium per 1 00 wt. parts of the mon- 
omer composition. 

In the present invention, the toner particles are externally blended with an additive (external additive) to prepare the 
toner according to the present invention. 
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Examples of the (external) additive may include: fine powders of metal oxides or double oxides (such as aluminum 
oxide, titanium oxide, strontium titanate, cerium oxide, magnesium oxide, chromium oxide, tin oxide and zinc oxide); fine 
powders of nitrides (such as silicon nitride); fine powders of carbide (such as silicon carbide); fine powders of metal 
salts (such as calcium sulfate, barium sulfate and calcium carbonate); fine powders of fatty acid metal salts (such as 
5 zinc stearate, and calcium stearate); carbon black; and silica fine powder. 

These (external) additives may be used singly or in combination and may preferably be hydrophobized (hydropho- 
bicity-imparted) in view of improvement in environmental stability of the resultant toner. The additives may preferably 
have a BET specific surface area (Sb ET ) of 20 - 400 rrfrg. 

Particularly, among the above additives, hydrophobic silica fine powder having a BET specific surface area (S BET ) 
io of 20 - 400 rrrVg. Further, in combination with the hydrophobic silica fine powder, fine particles of inorganic oxides or 
double oxides having an average particle size of 0. 1 - 3.0 pm, particularly those of strontium titanate or calcium titanate 
having an average particle size of 0.1 - 3.0 jim, may preferably be used. 

The external additive used in the present invention may preferably be added in an amount of 0.01 - 10 wt. parts, 
more preferably 0.05 - 5 wt. parts per 100 wt parts of the toner particles. 
15 In order to produce the toner satisfying the above-mentioned properties (C 1t Cg, C, SF-1, SF-2 and D4) in the 
present invention, toner particles may preferably be prepared by the suspension polymerization having a desired parti- 
cle size and by controlling an amount of fine resin particles attached to the surfaces of the toner particles. The fine resin 
particles are formed as a by-product during the suspension polymerization and are attached to the toner particle sur- 
faces at various strengths, so that fine resin particles weakly attached to the toner particle surfaces may preferably be 
20 detached therefrom as free fine resin particles by, e.g., a high-speed gas (air) stream and the free fine resin particles 
may preferably be removed by classification. 

Hereinbelow, gas stream or pneumatic classifier and classifying system suitable for treating the toner particles with 
the high-speed air stream and removing the free fine resin particles as described above will be explained specifically 
with reference to Figures 5-10. 
25 An example of the gas stream (pneumatic) classifier used for preparing the toner of the present invention is shown 
in Figure 5 (schematic sectional view) and Figures 6 and 7 (schematic perspective views). 

In the gas stream classifier and the classifying system using the classifier, in general, a high-pressure air guide pipe 
and a feed powder guide nozzle are disposed at a rear end portion of a feed supply nozzle disposed at an inclination 
" angle (0) of at most 45 degrees with respect to a vertical direction. Toner particles (feed powder) are supplied from a 
30 feed supply port disposed at an upper section of the feed powder guide nozzle and spread out from a periphery of the 
high-pressure air guide pipe at a lower section of a feed powder introducing port Thereafter, the toner particles are 
accelerated by the high-pressure air stream to be uniformly dispersed, thus detaching fine resin particles weakly 
attached to the toner particles therefrom to supply well dispersed (distributed) toner particles toward a feed (powder) 
supply nozzle. 

35 Further, by appropriately modifying a shape of a classification zone, it is possible to extend the classification zone 
and largely change the number of classifying points and also to adjust the classifying position with accuracy without 
causing turbulent flow of the air stream in the vicinity of a classifying edge tip. 

The introduction and discharge of the toner particles at a feed powder supply section are based on an eductor 
(ejector) effect due to a reduced pressure by expansion of the high-pressure air from the guide pipe thereof in the feed 

40 powder supply nozzle. 

Referring to Figures 5, 6 and 7, side walls 122 and 123 from a part of a classifying chamber 132, and classifying 
edge blocks 124 and 125 are provided with knife-shaped classifying edges 117 and 118, respectively. The classifying 
edges 117 and 1 18 are rotatable around axes 1 17a and 1 18a, thus allowing change in their tip positions respectively. 
The classifying edge blocks 1 24 and 1 25 are capable of vertically changing (moving) their fixing positions, respectively. 
45 Depending on the changes of the positions, the corresponding classifying edges 117 and 118 are also vertically 
changed in their positions, respectively. 

A classifying zone in the classifying chamber 132 is divided into three sections by the classifying edges 117 and 

118. 

A feed supply nozzle 1 16 having a feed supply (introducing) port 140 and a feed powder guide nozzle 142 which 
so include a high-pressure air guide pipe 141 and a feed powder supply (introducing) port, at a rear (upper) end portion 
thereof and also having a supply port in the classifying chamber 132 is disposed on the right side of the side wall 122. 
On the right side of the feed supply nozzle 1 16, a Coanda block 126 is disposed so as to extend along a right-side tan- 
gential lien of the supply nozzle 116 and be folded upwardly to form a long elliptical arcuate section. A left-side block 
127 of the classifying chamber 1 32 is provided with a knife-shaped intake edge 1 19. At the left-side portion of the clas- 
55 sifying chamber 132, gas (air) intake pipes 114 and 115 are disposed so as to respectively open into the classifying 
chamber 132. The gas intake pipes 1 14 and 1 15 are equipped with first and second gas intake control means 20 and 
21 . such as dampers, respectively, and also with static pressure gauges 128 and 129, respectively. 

The high-pressure air introduced into the high-pressure air guide pipe 141 may have a pressure 1 .0 - 3.0 kg/cm 2 
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for ordinary classification but may preferably have a pressure of above 3.0 kg/cm 2 , more preferably 3.5 - 6.0 kg/cm 2 , for 
* effectively detaching the fine resin particles attached to the surfaces of the toner particles and controlling a certain 
amount of those considerably strongly attached to the toner particle surfaces. 

The positions of the classifying edges 1 1 7 and 1 1 8 and the gas intake edge 1 1 9 are controlled depending on the 
5 kind of the toner particles (feed powder) to be classified and the objective particle size. 

At the right-hand portion of the classifying chamber 132, exhaust ports 111, 112 and 113 each opening into the 
classifying chamber 132 and connected to connecting means such as a pipe which is provided with a shutter means 
such as a valve. 

The feed supply nozzle 116 comprises a straight(regular) tube section and a rectangular tapered tube section. 
10 When the inner diameter of the straight tube section and that of the narrowest part of the rectangular tapered tube 
section are set to provide a ratio of 20:1 to 1 :1 , preferably 10:1 to 2:1, an appropriate injection (introduction) velocity can 
be attained. 

4 A classifying operation in the above-designed multi (three)-division classifying zone may, e.g., be performed in the 
following manner. 

rs A reduced pressure is generated in the classifying chamber 132 by evacuation through at least one of the exhaust 
ports 111. 1 12 and 113 and supplying Getting) the feed powder through the feed supply nozzle 116 opening into the 
chamber 132 together with an accompanying gas stream flowing at a speed of 50 - 300 m/sec under the action of the 
high-pressure air and the reduced pressure into the chamber 132. 

The (toner) particles of the feed power thus supplied are caused to move along curved lines 130a, 130b and 130c 

20 du to the Coanda effect given by the Coanda block 126 and the action of the accompanying gas stream (such as air 
str am), and depending on the particle sizes and inertial forces of individual particles, is divided into a coarse (first) 
powder fraction (over the prescribed particle size range) falling outwardly (i.e., the outside the classifying edge 1 18), a 
medium (second) powder fraction (within the prescribed particle size range) falling between the classifying edges 117 
and 118, and a fine (third) powder fraction falling inside the classifying edge 117. Then, the coarse powder fraction, the 

25 medium powder fraction and the fine powder fraction are discharged through the exhaust ports 111. 112 and 113, 
respectively. 

In the above classification of the toner particles, the classifying points are principally determined by the tip positions 
of the classifying edges 1 1 7 and 118 relative to the arcuate section (lower portion) of the Coanda block 126 where the 
toner particles are ejected. Further, the classifying points are also affected by a flow rate of the gas stream for classif i- 

30 cation and the ejection speed of the toner particles from the feed supply nozzle 116. 

In the gas stream classifier described above, the toner particles are supplied from the periphery of the high-pres- 
sure air guide pipe 141 (the lower portion of the feed powder guide section 142) through the feed supply port 140 and 
are accelerated along the high-pressure air stream ejected from the high-pressure air guide pipe 141 to be well dis- 
persed in the feed supply nozzle 116. The dispersed toner particles are immediately introduced into the classifying 

35 chamber 132, classified therein and discharged outside the classifier. 

For this reason, it is important for the toner particles supplied to the classifier to be flown with a prescribed propul- 
sive power in such a state that the aggregated (agglomerated) particles are dispersed into primary particles while flying 
or flowing along a prescribed flowing route for the individual particles without being disturbed by the position of the intro- 
duction port of the feed supply nozzle 116 within the classifying chamber 132. 

40 In the case where the toner particles are supplied from the upper portion of the classifying chamber 132, the par- 
ticle flow trace from the feed supply nozzle 116 into the chamber 132 is not disturbed since the Coanda block 126 is 
disposed at the lateral position of the opening (supply port) of the feed supply nozzle 1 1 6, thus forming a controlled par- 
ticle flow comprising divided particle fractions depending on the particle sizes. Accordingly, the movable classifying 
edges 117 and 1 1 8 are moved in the directions each along the corresponding particle flow and the tip portions thereof 

45 are correspondingly fixed thereat, respectively, thus setting the prescribed classifying points. 

When the classifying edges 1 17 and 1 18 are moved, it is possible to provide the respective edge directions, of the 
edges 1 1 7 and 1 18, each along the corresponding particle flow along the Coanda block 1 26, by moving the classifying 
edge blocks 124 and 125 simultaneously. 

More specifically, as shown in Figure 9 where an enlarged classifying zone is illustrated, based on a prescribed 

so position (e.g., a position O) in the Coanda block 126 on a level with an opening tip portion 1 16a of the feed supply noz- 
zle 1 1 6 disposed along the Coanda block 1 26, a distance L4 between the tip of the classifying edge 117 and the side 
of the Coanda block 126 and a distance L 1 between the sides of the classifying edge 117 and Coanda black 126 can 
be controlled by vertically moving the classifying edge block 124 along a positioning member 133 to vertically move the 
classifying edge 1 1 7 along a positioning member 1 34 and by rotatably moving the tip of the classifying edge 117 around 

55 the axis 11 7a. 

Similarly, a distance L5 between the tip of the classifying edge 1 1 8 and the arcuate side of the Coanda block 126, 
a distance L 2 between the sides of the classifying edges 1 1 7 and 118, and/or a distance L 3 between the side of the clas- 
sifying edge 1 18 and the side of the side wall 1 23 can be controlled by vertically moving the classifying edge block 125 
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along a positioning member 135 to vertically move the classifying edge 118 along a positioning member 136 and by 
rotatably moving the tip of the classifying edge 118 around the axis 1 18a. 

By disposing the Coanda block 126 along the side of the feed supply nozzle 116 having the opening tip portion 
1 1 6a and disposing the classifying edges 1 1 7 and 1 1 8 disposed at the prescribed distances from the Coanda block 126 

5 in addition to the changes in fixed position of the classifying edge block 124 or/and the classifying edge block 125, it is 
possible to appropriately extend the classifying zone in the classifying chamber and also to readily and largely change 
the prescribed classifying points as described above. 

As a result, it is possible to prevent a disturbed particle flow caused by the tips of the classifying edges 117 and 
118. Further, it is also possible to increase the particle flow speed in the classifying zone by controlling a flow rate of a 

10 suction flow due to a reduced pressure through the exhaust ports (1 1 1 , 1 12 and 1 13 shown in Figure 5), thus further 
improving a dispersibility (distribution degree) of the toner particles in the classifying zone. Accordingly, it is possible to 
attain a high classification accuracy even in the case of a high feed powder density, thus not only suppressing a lower- 
ing in production yield but also enhancing the classification accuracy and the production yield even at the same powder 
density when compared with the conventional classifying system. 

15 Referring again to Figure 9, a distance between the tip of the gas intake edge 119 and the arcuate side of the 
Coanda block 1 26 can be controlled by rotatably moving the tip of the gas intake edge 1 1 9 around an axis 1 1 9a, so that 
it becomes possible to further control the classifying points or positions by controlling the amount and flow speed of the 
gas supplied through the gas intake pipes 114 and 115. 

The above-described distances L 1 to Lg may appropriately be set, respectively, depending upon properties of the 

20 toner particles to be classified. 

In a preferred embodiment of the present invention, the distances L 1 , Lg and Lg may desirably satisfy the following 
relationships together with an inner diameter Lq of the opening tip portion 1 16a of the feed supply pipe 1 16 when the 
toner particles are non-magnetic toner particles. 

25 (Case where true density of toner particles = 0.3-1 .4 g/cm 3 ) 

L 0 < L 1 + L 2 < nL 3 (n * 1, real number) 

(Case where true density of toner particles > 1 .4 g/cm 3 ) 

30 

L 0 <L 3 <L 1 +L 2 

If the toner particles to be classified satisfy the above relationships, it becomes possible to efficiently obtain toner 
particles having a sharp particle size distribution. 
35 The above-mentioned gas stream classifier is connected with peripheral devices each via connecting means such 
as a pipe, thus constituting a classifying (apparatus) system. 

One of preferred embodiments of the classifying system is shown in Figure 10. 

Referring to Figure 1 0, the classifying system principally include a three-division classifier 201 (as shown in Figures 
5 - 9), a metering feeder 202, a vibration feeder 203, and collecting cyclones 204, 205 and 206 each connected to the 
40 classifier 201 via connecting means. 

In this system (apparatus), the toner particles (feed powder) are introduced into the metering feeder 202 by appro- 
priate means and supplied into the three-division classifier 201 via a feed supply nozzle 1 16 at a feeding speed of, e.g., 
50 - 300 mfeec. The classifier 201 has a classifying chamber of (1 0 - 50 cm) x (10 - 50 cm) in size in general, thus divid- 
ing the feed powder into three (or more) particle (powder) fractions instantly, e.g., in 0.01 - 0.1 sec. As a result, the feed 
45 powder is instantly classified into a coarse powder fraction, a medium powder fraction and a fine powder fraction. 
Thereafter, the coarse powder fraction is discharged via an exhaust pipe 1 1 1a to be collected by the collecting cyclone 
206. Similarly, the medium powder fraction is discharged via an exhaust pipe 112a to be collected y the collecting 
cyclone 205, and the fine powder fraction is discharged via an exhaust pipe 113a to be collected by the collecting 
cyclone 204. These collecting cyclones 204. 205 and 206 may also function as suction means for pressure decrease 
so so that the feed powder is introduced by suction force into the classifying chamber via the feed supply nozzle 1 1 6. 

Hereinbelow, the image forming method according to the present invention using the above-described toner will be 
described based on Figures 1 - 3. 

Figure 1 shows a color image forming apparatus (e.g., a copying machine or a laser been printer) utilizing an elec- 
trophotographic process wherein an elastic roller having a medium resistance is used as an intermediate transfer mem- 
55 ber. Figure 2 shows a color image forming apparatus (e.g., a copying machine or a laser beam printer) using a belt 
having an medium resistance as an intermediate transfer member. 

Referring to Figures 1 and 2, the color image forming apparatus includes a photosensitive drum (photosensitive 
member) 1 , a primary charger (charging means) 2, an imagewise exposure means 3, a secondary transfer belt 6. a 
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a recovering member 9 for recovering a residual toner after transfer, a guide 1 0 for a transfer-receiving material, a supply 
roller 1 1 for the transfer-receiving material, a cleaning unit (device) 13 for the photosensitive drum, a fixing device 15, 
an intermediate transfer member 20 (in ia drum shape for Figure 1 and in a belt shape for Figure 2), a core metal 21 , 
_ an elastic layer 22, bias voltage supplies 26, 27, 28 and 29, a yellow (Y) color developing unit 41 , a magenta (M) color 

5 developing unit 42, a cyan (C) color developing unit 43, a black (Bk) color developing unit 44, tension rollers 61 , and 64, 
a charging roller 62 (for charging the secondary transfer belt 6 in Figure 1 and for charging the intermediate transfer belt 
20 in Figure 2), a transfer roller 63 and a transfer-receiving material P. 

The drum-type photosensitive member 1 to be repetitively used as an image-bearing member is rotated at a pre- 
scribed peripheral (process) speed in a counterclockwise direction as shown by the indicated arrow. During the rotation, 

10 the photosensitive drum 1 is uniformly charged by the primary charger 2 so as to have prescribed polarity and potential 
and then is imagewisely exposed to light 3 by imagewise exposure means (not shown) (as by exposure optical system 
effecting color separation and imaging of an original color image or by scanning exposure system outputting a laser 
beam modulated correspondingly to a time-serial electric digital pixel (picture) signal for image data), thus forming ther- 
eon an electrostatic (latent) image corresponding to a first color component image (e.g., a yellow color component 

75 image) of an objective color image. 

Then, the (yellow color) electrostatic (latent) image is developed with a yellow toner Y by a first (yellow color) devel- 
ping unit 41 . At this time, other second to fourth (magnet color, cyan and black color) developing units 42, 43 and 44 
are in a "OFF" state, thus not affecting the photosensitive drum 1 . As a result, the first yellow color image is not affected 
by the second to fourth developing units 42, 43 and 44. 

20 Each of the first to fourth developing units 41-44 includes a toner-carrying member, toner application means for 
applying the toner onto the surface of the toner-carrying member, and a toner vessel for holding or containing the toner. 
Each developing unit can be formed in a developing apparatus unit integrally including the toner-carrying member, the 
toner application means and the toner vessel. The thus formed developing apparatus unit is detachafcrfy mountable to a 
main body of the image forming apparatus. 

25 Next, an example of a non-magnetic monocomponent developing method performed by using the toner of the 
present invention will be described with reference to Figure 3. 

Figure 3 shows a developing apparatus unit (developing unit) and a part of an adjacent photosensitive drum. 
The electrostatic image formed, according to electrophotography or electroreconding on the photosensitive drum as 
an electrostatic image-bearing member 98, is developed by the developing apparatus unit shown in Figure 3. 

30 The developing apparatus unit includes a developing sleeve (toner-carrying member) 99 comprising a non-mag- 
netic sleeve of, e.g., aluminum or stainless steel. The developing sleeve 99 may comprise a crude pipe or cylinder of 
aluminum or stainless steel. Further, the surface of such a pipe may be uniformly roughened by blasting with glass 
beads, mirror-finished or coated with a resin composition. 

A toner 100 is contained or held by a hopper (toner vessel) 101 and supplied to the developing sleeve by means of 

35 a toner supply roller 102. The toner supply roller is made of a foamed material such as a polyurethane foam and is 
rotated in a direction identical or opposite to that of the developing sleeve 99 at a prescribed peripheral speed (not zero) 
relative to that of the developing sleeve 99. As a result, the toner supply roller 102 also has a function of removing the 
toner after the developing operation (i.e., undeveloped toner) in addition to the toner supply. The toner supplied onto the 
developing sleeve 99 is formed in a uniform and small thickness by a toner (or developer) application blade 103. 

40 The toner application blade 103 may preferably comprise a material providing a triboelectric chargeability suitable 
for charging the toner to have a desired polarity. The toner application blade 103 may suitably be composed of silicone 
rubber, urethane rubber, styrene-butadiene rubber, etc., and may optionally be coated with an organic layer of a resin, 
such as polyamide, polyimide, nylon, melamine, melamine-crossl inked nylon, phenolic resin, fluorine-containing resin, 
silicone resin, polyester resin, urethane resin or styrene-based resin. It is also possible to use an electroconductive rub- 

45 ber, an electroconductive resin, etc. 

In the above-mentioned rubbers or resins, a filler or charge (e.g., metal oxides, carbon black, inorganic whiskers or 
inorganic fibers) may preferably be dispersed to impart an appropriate electroconductivity or charge-imparting charac- 
teristic to the toner application blade, thus appropriately charging the toner employed. 

Referring again to Figure 1 , the intermediate transfer roller (member) 20 comprise the core metal 21 in a form of a 

so pipe and the elastic layer 22 formed on the peripheral surface of the core metal 21 . and is rotated in a clockwise direc- 
tion as shown by the indicated arrow at a peripheral speed identical to that of the photosensitive drum 1 while mating 
with the photosensitive drum 1. 

The yellow (first) toner image formed and held on the photosensitive drum 1 is temporarily transferred onto the 
intermediate transfer member 20 by the action of an electric field formed by a primary transfer bias voltage applied to 

55 the intermediate transfer member 20 when passed through a nip portion between the photosensitive drum 1 and the 
intermediate transfer member 20. In a similar manner, a second (magenta) toner image, a third (cyan) toner image, and 
a fourth (black) toner image are successively transferred onto the intermediate transfer member 20 to form a super- 
posed color toner image corresponding to an objective color image. 
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The primary transfer bias voltage for the successive transfer of the first o fourth toner images from the photosensi- 
tive drum 1 to the intermediate transfer member 20 has a polarity (positive) opposite to that (negative) of the toner and 
is supplied from the bias voltage supply 29. 

During the above successive transfer step, the transfer belt 6 is in a state contactable to the intermediate transfer 
5 member 20. 

The transfer belt 6 is disposed beneath the intermediate transfer member 20 so as to contact the lower portion 
thereof and is supported by the transfer roller 62 and the tension roller 61 each having a shaft arranged in parallel with 
that of the intermediate transfer member 20. The transfer roller 62 is supplied with a prescribed secondary transfer bias 
voltage by the bias voltage supply 28, and the tension roller 61 is grounded. 
io Transfer of the superposed toner image formed on the intermediate transfer member 20 by the successive transfer 
onto the transler-receiving material P is performed as follows 

When the transfer belt 6 abuts against the intermediate transfer member 20, the transfer-receiving material P is 
supplied with a prescribed timing to the abutting nip portion between the transfer belt 6 and the intermediate transfer 
member 20 from a paper-supplying cassette (not shown) via the supply rollers 1 1 and guide 1 0 for the transfer-receiving 
is material P while applying the second transfer bias voltage from the bias voltage supply 28 to the transfer roller 62. The 
superposed color toner image is transferred from the intermediate transfer member 20 onto the transfer-receiving mate- 
rial P by the action of the second transfer bias voltage, and then is supplied in the fixing device 15 to be heat-fixed. 
Figure 2 shows the color image forming apparatus using the belt-shaped intermediate transfer member. 
Referring to Figure 2, the drum-type photosensitive member 1 to be repetitively used as an image-bearing member 
20 is rotated at a prescribed peripheral (process) speed in a counterclockwise direction as shown by the indicated arrow. 
During the rotation, the photosensitive drum 1 is uniformly charged by the primary charger 2 so as to have prescribed 
polarity and potential and then is imagewisely exposed to light 3 by imagewise exposure means (not shown) (as by 
exposure optical system effecting color separation and imaging of an original color image or by scanning exposure sys- 
tem outputting a laser beam modulated correspondingly to a time-serial electric digital pixel (picture) signal for image 
25 data), thus forming thereon an electrostatic (latent) image corresponding to afirst color component image (e.g., a yellow 
color component image) of an objective color image. 

Then, the (yellow color) electrostatic (latent) image is developed with a yellow toner Y by a first (yellow color) devel- 
oping unit 41 . At this time, other second to fourth (magnet color, cyan and black color) developing units 42. 43 and 44 
" are in a "OFF state, thus not affecting the photosensitive drum 1 . As a result, the first yellow color image is not affected 
30 by the second to fourth developing units 42, 43 and 44. 

The intermediate transfer belt (member) 20 is rotated in a clockwise direction at a peripheral speed identical to that 
" of the photosensitive drum 1 while mating with the photosensitive drum 1 . 

The yellow (first) toner image formed and held on the photosensitive drum 1 is temporarily transferred onto the 
intermediate transfer member 20 by the action of an electric field formed by a primary transfer bias voltage applied from 
35 the primary transfer roller 62 to the intermediate transfer member 20 when passed through a nip portion between the 
photosensitive drum 1 and the intermediate transfer member 20. After the transfer of the yellow toner image, the surface 
of the photosensitive drum 1 is cleaned by the cleaning device 13. In a similar manner, a second (magenta) toner 
image, a third (cyan) toner image, and a fourth (black) toner image are successively transferred onto the intermediate 
transfer member 20 to form a superposed color toner image corresponding to an objective color image. 
40 The secondary transfer roller 63 is disposed beneath the intermediate transfer member 20 in a contactable state 
thereto and disposed opposite to the secondary transfer opposite roller 64 so that the rollers 63 and 64 are born by 
respective shafts in parallel with each other. 

The primary transfer bias voltage (e.g., in a range of +1 00 V to +2 kV) for the successive transfer of the first o fourth 
toner images from the photosensitive drum 1 to the intermediate transfer member 20 has a polarity (positive) opposite 
45 to that (negative) of the toner and is supplied from the bias voltage supply 29. 

During the above successive transfer step, the secondary transfer roller 63 and the cleaner 13 for the intermediate 
transfer member 20 are in a state contactable to the intermediate transfer member 20. 

Transfer of the superposed toner image formed on the intermediate transfer member 20 by the successive transfer 
onto the transfer-receiving material P as a second image-bearing member is performed as follows. 
so When the secondary transfer roller 63 abuts against the intermediate transfer member 20, the transfer-receiving 
material P is supplied with a prescribed timing to the abutting nip portion between the secondary transfer roller 63 and 
the intermediate transfer member 20 from a paper-supplying cassette (not shown) via the supply rollers 11 and guide 
10 for the transfer-receiving material P while applying the second transfer bias voltage from the bias voltage supply 28 
to the secondary transfer roller 63. The superposed color toner image is transferred from the intermediate transfer 
55 member 20 onto the transfer-receiving material P by the action of the second transfer bias voltage, and then is supplied 
in the fixing device 15 to be heat-fixed. 

The developing apparatus unit shown in Figure 3 includes the developing sleeve 99, the (toner) application blade 
103, the application roller 102, the toner 100 and the toner vessel 101 and is detachably mountable to a main body of 
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, the image forming apparatus of the present invention. 

Referring to Figure 3, the developing sleeve 99 is supplied with a bias voltage from the bias voltage application 
means 104 while mating with the electrostatic image-bearing member 98. 

Hereinbeiow, the present invention will be described more specifically with reference to Examples and Comparative 
5 Examples. 

Example 1 

Into 700 wt. parts of deionized water, 450 wt. parts of a 0. 1 M-Na 3 P0 4 aqueous solution was added, and the mixture 
10 was warmed at 60 °C. Then, the mixture was stirred by a particle-forming device ("CLEAR MIX", mfd. by M. Technique 
Co., Ltd.) at the rate (number) of rotation of a stirring blade of 1 5000 rpm. Into the mixture, 68 wt. parts of a 1 .0M-CaCI 2 
aqueous solution was gradually added to prepare an aqueous dispersion medium containing calcium phosphate. 

Separately, a polymerizable monomer composition was prepared as follows. 



15 





Styrene (polymerizable monomer) 


170 wt. parts 




n-Butyl acrylate (polymerizable monomer) 


30 wt. parts 


20 


C.I. Pigment Blue 15:3 (cyan colorant) 


10 wt. parts 




Dialkylsalicylic acid metal compound (negative charge control agent, "Bontron E84", mfd. by Orient 
Kagaku Kogyo K.K.) 


2 wt. parts 


25 


Saturated polyester resin (polar resin, acid value = 1 0 mgKOH/g, number-average molecular weight 
(Mn) = 6000, peak molecular weight (Mpeak) = 8500) 


15 wt. parts 




Ester was (low-softening point substance (release agent), principal peak absorption terrperature = 
65 °C) 


35 wt. parts 



30 The above ingredients were warmed at 60 °C and were uniformly dispersed at 1 5000 rpm by means of the particle- 
forming device. To the dispersion, 7 wt. parts of 2,2*-azobis(2,4-dimethylvaleronitrile) was added to prepare a polymer- 
izable monomer composition. 

The polymerizable monomer composition was added into the above-prepared aqueous dispersion medium, fol- 
lowed by stirring for 10 min. at 60 °C and 9000 rpm in nitrogen (N 2 ) atmosphere by means of the particle-forming device 

35 to effect particle formation of the polymerizable monomer composition. Thereafter, under stirring with a paddle mixer, 
the particles of the monomer composition were subjected to polymerization at 70 °C for 10 hours. 

After the polymerization reaction, a residual (unpolymerized) monomer component of the monomer composition 
was distilled off at 80 °C under reduced pressure and then was cooled. To the resultant system, hydrochloric acid was 
added to dissolve calcium phosphate, followed by filtration, washing with water and drying to obtain cyan toner particles 

40 (A-1). 

At the surfaces of the thus-prepared cyan toner particles (A-1), fine resin particles each comprising styrene-n-butyl 
acrylate copolymer formed as a by-product during the particle formation were found to be attached thereto through 
microscopic observation (magnification = 10,000). 

The cyan toner particles (A-1) comprised ca. 5 wt. parts of the cyan colorant, ca. 1 wt. part of the charge control 
45 agent, ca. 7.5 wt. parts of the polar resin and ca. 15 wt. parts of the low-softening point substance based on 100 wt. 
parts of the styrene-n-butyl acrylate copolymer. 

The cyan toner particles (A-1) showed a value C-, of 52 % by number (N. %), a value C2 of 22 % by number (N. %) 
to provide a value C (= (C JQ 2 ) x 100) of 236 as a result of the FPIA (flow particle image analyzer) measurement 

Then, the cyan toner particles (A-1 ) were classified by a multi-division pneumatic classifier and a classifying system 
so utilizing the Coanda effect as shown in Figures 5 - 10 (as specifically described hereinbeiow) to control an amount of 
the fine resin particles attached to the surfaces of the cyan toner particles (A-1), thus preparing cyan toner particles (A- 
2). 

As a result of the FPIA measurement, the cyan toner particles (A-2) provided a value of 15 N. %, a value C 2 of 
1 3 N. % and a value C of 1 1 5. 

55 Further, the cyan toner particles (A-2) had a weight-average particle size (D 4 ) of 6.5 urn as obtained according to 
the CC (Coulter counter) measurement and provided a shape factor SF-1 of 1 10 and a shape factor SF-2 of 105. 

Then, 100 wt. parts of the cyan toner particles (A-2) and 1 .5 wt. parts of hydrophobic silica fine powder (external 
additive, a BET specific surface area (Sbet) = 200 n^/g primary average particle size = 0.01 pin) were blended to pre- 
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pare a cyan toner No. 1. 

The cyan toner No. 1 showed a C n of 1 5 N. %, a C 2 of 1 3 N. % and a C of 1 1 5 as a result of the FPIA measurement; 
a D 4 of 6.5 urn as a result of the CC measurement; and an SF-1 of 1 10 and an SF-2 of 105. 

Further, it was confirmed that the increase from the C 2 value (1 3 N. %) to the value (15 N. %) was resulting from 
5 free fine particles of the styrene-n-butyl acrylate copolymer detached from the cyan toner particles (A-2). 

In this example, the classification of the cyan toner particles (A-1) was performed by using the multi-division pneu- 
matic classifier as follows. 

Referring to Figures 5-10, the cyan toner particles (A-1) were fed or introduced from a (metering) feeder 202 into 
a multi (three)-division classifier 201 via a vibration feeder 203 and a feed supply nozzle 116 (including a feed powder- 
to supplying section 142, a high-pressure air guide pipe 141 and a deformed tube section 143) at a feeding rate of 10 
kg/hour in order to divide the cyan toner particles (A- 1 ) into three fractions including a coarse powder fraction, a medium 
powder fraction (of the toner particles of the present invention) and a fine powder fraction by utilizing the Coanda effect. 

The introduction (feeding) of the feed powder (cyan toner particles (A-1)) was effected by utilizing a suction force 
resulting from a reduced pressure within the system due to suction by collecting cyclones 204, 205 and 206 connected 
is to exhaust pipes 111,112 and 1 1 3 and utilizing a compressed air from an injection air guide pipe 1 31 of a high-pressure 
guide pipe 141 provided to the feed supply nozzle 116. 

The compressed air introduced into the high-pressure air guide pipe 141 was set to provide a pressure of 5.0 
kg/cm 2 . 

When the cyan toner particles (A-1 ) introduced from a feed supply port 1 4 contact the compressed air, fine particles 
20 of the styrene-n-buty! acrylate copolymer weakly attached to the surfaces of the cyan toner particles (A-1) are detached 
therefrom to be removed as free fine resin particles in this multi-division classifying step. As a result, only fine particles 
of the styrene-n-butyl acrylate copolymer strongly attached to the surfaces of the cyan toner particles (A-1) at a strong 
attaching force more than a certain level still remain on the cyan toner particle surfaces. 

In the classifying step; principal distances or spacings between respective members at a classifying section (L^, L, , 
25 L 2 , L3, L4, L5, U and R shown in Figure 9) were set as follows. 

Lo = 6 mm (a diameter of a supply port 1 16a of the feed supply nozzle 116) 

Li = 25 mm (a distance between a side (side surface) of a classifying edge 1 1 7 and a side of a Coanda block 1 26) 
L 2 = 20 mm (a distance between a side of the classifying edge 1 1 7 and a side of a classifying edge 1 1 8) 
30 L 3 = 25 mm (a distance between a side of the classifying edge 118 and a side of a side wall 123) 

U = 1 6 mm (a distance between tip of the classifying edge 1 1 7 and a side of the Coanda block 126) 
L5 = 30 mm (a distance between a tip of the classifying edge 1 1 8 and an arced side of the Coanda block 126) 
Lg = 25 mm (a distance between a tip of an inlet edge 1 19 and an arced side of the Coanda block 126) 
R = 8 mm (a radius of the arced portion of the Coanda block 126) 

35 

Example 2 

Cyan toner particles (A-3) were prepared by classifying the cyan toner particles (A-1) in the same manner as in 
Example 1 except that the pressure of the compressed air introduced into the high-pressure air guide pipe 141 was 
40 changed to 4.5 kg/cm 2 . 

The cyan toner particles (A-3) provided a of 23 N %, a C 2 of 18 N. % and a C of 128 as a result of the FPIA 
measurement. 

Further, the cyan toner particles (A-3) had a D 4 of 6.4 \im as obtained according to the CC measurement and pro- 
vided an SF-1 of 1 10 and an SF-2 of 108. 
45 Then, 100 wt. parts of the cyan toner particles (A-3) and 1 .5 wt. parts of hydrophobic silica fine powder (external 
additive, an S B et = 200 m2/ 9) were blended to prepare a cyan toner No. 2. 

The cyan toner No. 2 showed a of 23 N. %, a C2 of 1 8 N. % and a C of 1 28 as a result of the FPIA measurement; 
a D4 of 6.4 y.m as a result of the CC measurement; and an SF-1 of 1 10 and an SF-2 of 108. 

so Example 3 

Cyan toner particles (A-4) were prepared by classifying the cyan toner particles (A-1) in the same manner as in 
Example 1 except that the pressure of the compressed air introduced into the high-pressure air guide pipe 141 was 
changed to 4.0 kg/cm 2 . 

ss The cyan toner particles (A-4) provided a C1 of 37 N %, a C2 of 26 N. % and a C of 142 as a result of the FPIA 
measurement. 

Further, the cyan toner particles (A-4) had a D 4 of 6.2 jim as obtained according to the CC measurement and pro- 
vided an SF-1 of 1 10 and an SF-2 of 1 10. 
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Then, 100 wt. parts of the cyan toner particles (A-4) and 1 .5 wt. parts of hydrophobic silica fine powder (external 
additive, an S BET = 200 rr^/g) were blended to prepare a cyan toner No. 3. 

The cyan toner No. 3 showed a C 1 of 37 N. %, a C 2 of 26 N. % and a C of 1 42 as a result of the FPIA measurement; 
- a D4 of 6.3 *im as a result of the CC measurement; and an SF-1 of 1 1 0 and an SF-2 of 1 1 0. 

5 

Comparative Example 1 

100 wt. parts of the cyan toner particles (A-1) (prepared in Example 1) and 1 .5 wt. parts of hydrophobic silica fine 
powder (external additive, an S BET = 200 m 2 /g) were blended to prepare a comparative cyan toner No. 1. 
10 The comparative cyan toner No. 1 showed a Ci of 52 N. %, a C2 of 22 N. % and a C of 236 as a result of the FPIA 
measurement; a D4 of 6.2 jam as a result of the CC measurement; and an SF-1 of 108 and an SF-2 of 1 10. 

Comparative Example 2 

15 Cyan toner particles (A-5) were prepared by classifying the cyan toner particles (A-1) in the same manner as in 
Example 1 except that, after the distilling-off (at 80 °C under reduced pressure) of the residual (unpolymerized) mono- 
mer component, the reaction system was heat-treated at 120 °C for 10 hour under pressure application. 

The cyan toner particles (A-5) provided a C1 of 2 N %, a C2 of 2 N. % and a C of 100 as a result of the FPIA meas- 
urement. 

20 Further, the cyan toner particles (A-5) had a D 4 of 6.3 fim as obtained according to the CC measurement and pro- 
vided an SF-1 of 105 and an SF-2 of 108. 

Then, 100 wt parts of the cyan toner particles (A-5) and 1 .5 wt. parts of hydrophobic silica fine powder (external 
additive, an S BET = 200 rr^/g) were blended to prepare a comparative cyan toner No. 2. 

The comparative cyan toner No. 2 showed a C 1 of 2 N. %, a C 2 of 2 N. % and a C of 100 as a result of the FPIA 
25 measurement; a D4 of 6.3 \im as a result of the CC measurement; and an SF-1 of 105 and an SF-2 of 108. 

Comparative Example 3 

200 wt. parts of a styrene-n-butyl acrylate copolymer (weight ratio = 85:15, weight-average molecular weight (Mw) 
30 = 1 25000, Mn = 35000), 1 0 wt. parts of a cyan colorant (C.I. Pigment Blue 1 5:3), 2 wt. parts of a negative charge control 
agent ("Bontron E-84", mfd. by Orient Kagaku Kogyo K.K.), 15 wt. parts of a saturated polyester resin (polar resin, acid 
value = 10 mgKOH/g, Mn = 6000, Mpeak = 8500) and 35 wt. parts of an ester wax (low-softening point substance, prin- 
cipal peak absorption temperature = 65 °C) were sufficiently blended and were melt-kneaded through a twin-screw 
extruder. The melt-kneaded product was cooled and coarsely crushed by a hammer mill to obtain a coarsely crushed 
35 product (1 mm mesh size), followed by pulverization through a mechanical pulverizer to obtain a pulverized product (D 4 
= ca. 25 11m). The pulverized product was further finely pulverized by a jet air stream-type fine pulverizer to obtain a 
finely pulverized product (D 4 = 6.5 nm). 

The finely pulverized product was classified by using the multi-division classifier (and classifying system) as shown 
in Figures 5 - 10 in the same manner as in Example 1 except that the pressure of the compressed air introduced into 
40 the high-pressure air guide pipe 141 was changed to 2.0 kg/cm 2 to obtain cyan toner particles (A-6). 

The cyan toner particles (A-6) provided a C 1 of 9 N %, a C 2 of 9 N. % and a C of 100 as a result of the FPIA meas- 
urement. 

Further, the cyan toner particles (A-6) had a D 4 of 6.5 jim as obtained according to the CC measurement and pro- 
vided an SF-1 of 1 63 and an SF-2 of 1 50. 
45 Then, 100 wt. parts of the cyan toner particles (A-6) and 1 .5 wt. parts of hydrophobic silica fine powder (external 
additive, an S B et = 200 nr^/g) were blended to prepare a comparative cyan toner No. 3. 

The comparative cyan toner No. 3 showed a C-j of 9 N. %, a C 2 of 9 N. % and a C of 100 as a result of the FPIA 
measurement; a D4 of 6.5 \irr\ as a result of the CC measurement; and an SF-1 of 163 and an SF-2 of 150. 

so Comparative Example 4 

Cyan toner particles (A-7) were prepared by surface-treating the cyan toner particles (A-6) prepared in Compara- 
tive Example 3 by using a surface reformer ( M Nara Hybridization System, NHS-1 type", produced by Nara Machinery 
Co.. Ltd.). 

55 The cyan toner particles (A-7) provided a C1 of 4 N %, a C 2 of 4 N. % and a C of 1 00 as a result of the FPIA meas- 
urement. 

Further, the cyan toner particles (A-7) had a D 4 of 7.2 as obtained according to the CC measurement and pro- 
vided an SF-1 of 130 and an SF-2 of 145. 
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Then, 100 wt. parts of the cyan toner particles (A-7) and 1 .5 wt. parts of hydrophobic silica fine powder (external 
additive, an Sbet = 200 rr^/g) were blended to prepare a cyan toner No. 4. 

The comparative cyan toner No. 4 showed a Cj of 4 N. %. a C 2 of 4 N. % and a C of 100 as a result of the FPIA 
measurement; a D4 of 6.4 as a result of the CC measurement; and an SF-1 of 130 and an SF-2 of 145. 

5 

Comparative Example 5 

Cyan toner particles (A-8) were prepared in the same manner as in Comparative Example 3 except that the amount 
of the ester wax (low-softening point substance) was changed to 6 wt. parts. 
io The cyan toner particles (A-8) provided a C-j of 9 N %, a C 2 of 9 N. % and a C of 100 as a result of the FPIA meas- 
urement. 

Further, the cyan toner particles (A-8) had a D 4 of 6.4 pun as obtained according to the CC measurement and pro- 
vided an SF-1 of 1 64 and an SF-2 of 1 48. 

Then, 100 wt. parts of the cyan toner particles (A-2) and 1 .5 wt. parts of hydrophobic silica fine powder (external 
is additive, an S BET = 200 n^/g) were blended to prepare a comparative cyan toner No. 5. 

The comparative cyan toner No. 5 showed a C-| of 9 N. %, a C 2 of 9 N. % and a C of 100 as a result of the FPIA 
measurement; a D4 of 6.4 fim as a result of the CC measurement; and an SF-1 of 164 and an SF-2 of 148. 

Example 4 

20 

100 wt. parts of the cyan toner particles (A-2) (used in Example 1), 1.5 wt. parts of hydrophobic silica fine powder 
(external additive, an S BET = 200 vr?/g primary average particle size = 0.01 ^m) and 0.5 wt. part of strontium titanate 
fine powder (S BET = 2.0 rrP/g, primary average particle size = 1 .2 jim) were blended to prepare a cyan toner No. 4. 
The cyan toner No. 4 showed a C-j of 15 N. %, a C 2 of 13.5 N. % and a C of 1 1 1 as a result of the FPIA measure- 
rs ment; a D4 of 6.6 \im as a result of the CC measurement; and an SF-1 of 1 10 and an SF-2 of 105. 

Examples $ and 6 

Cyan toner particles (A-9) and cyan toner particles (A-10) were prepared in the same manner as in Example 1 
30 except that the suspension polymerization condition and the classifying condition were changed respectively. 

By using the cyan toner particles (A-9) and the cyan toner particles (A-10), a cyan toner No. 5 (Example 5) and a 
* cyan toner No. 6 (Example 6) were prepared, respectively, in the same manner as in Example 1 . 

The respective parameters (C 1f C 2 , C, D 4 , SF-1 and SF-2) for the cyan toner particles (A-1) - (A-10) are shown in 
Table 2 below and those for the cyan toners No. 1 - No. 6 and the Comparative cyan toners No. 1 - No. 5 are shown in 
35 Table 3 below. 



Table 2 
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SO 



Cyan toner particles 


C, (N.%) 


C2 (N.%) 


C 


D 4 (^m) 


SF-1 


SF-2 


A-1 


52 


22 


236 


6.2 


108 


110 


A-2 


15 


13 


115 


6.5 


110 


105 


A-3 


23 


18 


128 


6.4 


110 


108 


A-4 


37 


26 


142 


6.2 


110 


110 


A-5 


2 


2 


100 


6.3 


105 


108 


A-6 


9 


9 


100 


6.5 


163 


150 


A-7 


4 


4 


100 


7.0 


130 


145 


A-8 


9 


9 


100 


6.4 


164 


148 


A-9 


9 


7 


128 


9.5 


115 


108 


A-10 


49 


36 


136 


5.2 


112 


104 
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Table 3 



- 


Ex.No. 


Toner 


Ci (N.%) 


C 2 (N.%) 


C 


D 4 (fim) 


SF-1 


SF-2 


5 


Ex. 1 


Cyan toner No. 1 


15 


13 


115 


6.5 


110 


105 




Ex.2 


Cyan toner No. 2 


23 


18 


128 


6.4 


110 


108 




Ex.3 


Cyan toner No. 3 


37 


26 


142 


6.3 


110 


110 


10 


Comp. Ex 1 


Comp. cyan toner No.1 


52 


22 


236 


6.2 


108 


110 




Comp. Ex 2 


Comp. cyan toner No.2 


2 


2 


100 


6.3 


105 


108 




Comp. Ex 3 


Comp. cyan toner No.3 


9 


9 


100 


6.5 


163 


150 




Comp. Ex 4 


Comp. cyan toner No.4 


4 


4 


100 


7.2 


130 


145 


15 


Comp. Ex 5 


Comp. cyan toner No.5 


9 


9 


100 


6.4 


164 


148 




Ex.4 


Cyan toner No. 4 


15 


13.5 


111 


6.6 


110 


105 




Ex.5 


Cyan toner No. 5 


9 


7 


128 


9.5 


115 


108 


20 


Ex.6 


Cyan toner No. 6 


49 


36 


136 


5.2 


112 


104 



Examples 7 - 12 and Comparative Examples 6-10 

25 Each of the cyan toner Nos. 1 - 6 and the comparative cyan toner Nos. 1 - 5 (prepared in Examples 1 - 6 and Com- 
parative Examples 1 - 5, respectively) was contained in a cyan toner developing device 43 of an image forming appa- 
ratus as shown in Figure 1 and then was subjected to image formation on 10000 sheets (or 15000 sheets for image 
unevenness evaluation in Example 10). 
The results are shown in Table 4 below. 
30 The cyan toner developing device 43 included a developing sleeve 99, a (toner) application roller 102 and a (toner) 
application blade 103 as shown in Figure 3. 

* In these Examples and Comparative Examples, an electrostatic image was developed in a reversal developing sys- 
tem according to a non-magnetic monocomponent developing method. 
Further, respective evaluations were performed as follows. 

35 

(Transfer Efficiency) 

The transfer efficiency (%) was determined according to the following equation: 

Transfer efficiency (%) = (toner amount on paper/toner amount before transfer onto photosensitive member) x 100. 

40 

Image unevenness) 

The image unevenness was evaluated by eye observation whether streak image defects or wavy image defects 
occur at the time of prescribed sheets of image formation. 
45 For instance, in Table 4, ">10000" means that the image defects were not observed up to 10000 sheets of image 
formation and "<2500" means that the image defects were observed up to 2500 sheets of image formation. Further, "at 
ca. 9500" means that the image defects were observed on ca. 9500-th sheet. 

Image density) 

50 

The image density was measured by a Macbeth densitometer (mfd. by Macbeth Co.) with respect to a square solid 
image (5 mm x 5 mm). 

(Triboelectric charge on developing sleeve (TC 6 ieeve)> 

55 

The triboelectric charge of the toner on the developing sleeve (mC/kg) was measured according to a so-called 
blow-off method in an environment of 23°C and 60 % RH. 
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A toner for developing an electrostatic image is constituted by at least toner particles and an additive. The toner 
particles have a shape factor SF-1 of 100 - 160, a phase factor SF-2 of 100 - 140 and a weight-average particle size of 
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4 - 1 0 nm as measured by a Coulter counter. The toner contains particles having circle-equivalent diameters in a range 
of 0.6 - 2.0 iim and satisfying the following conditions (i) - (iii): (i) a first value C«| of 3 - 50 % by number as measured by 
a flow particle image analyzer after application of a ultrasonic wave of 20 kHz for 5 min., (ii) a second value Cg of 2 - 40 
«% by number as measured by the flow particle image analyzer after application of a ultrasonic wave of 20 kHz for 1 min., 
5 and (iii) a value C of 105 - 150 obtained according to the following equation: C = (C,/C 2 ) x 100 . The toner is effective 
in improving image-forming characteristics in a continuous image formation on a large number of sheets. 

Claims 

w 1 . A toner for developing an electrostatic image, comprising: toner particles and an additive, 

wherein said toner particles have a shape factor SF-1 of 100 - 160, a phase factor SF-2 of 100 - 140 and a 
weight-average particle size of 4 - 10 ^m as measured by a Coulter counter, and 

said toner contains particles having circle-equivalent diameters in a range of 0.6 - 2.0 |im and satisfying the 
15 following conditions (i) - (Hi): 

(i) a first value C«| of 3 - 50 % by number as measured by a flow particle image analyzer after application 
of a ultrasonic wave of 20 kHz for 5 min., 

(ii) a second value C2 of 2 - 40 % by number as measured by the flow particle image analyzer after appli- 
20 cation of a ultrasonic wave of 20 kHz for 1 min., and 

(iii) a value C of 105 - 150 obtained according to the following equation: 

C = (C 1 /C 2 )x100. 

25 2. The toner according to Claim 1 , wherein the first value C<\ is 3 - 45 % by number. 

3. The toner according to Claim 1 , wherein the first value Cj is 3 - 40 % by number. 

4. " The toner according to Claim 1 , wherein the first value d is 5 - 40 % by number, the second value C2 is 3 - 35 % 
30 by number, and the value C is 110 - 145. 

5. " The toner according to Claim 4, wherein the value C is 1 10 - 140. 

6. The toner according to Claim 1 , wherein the first value C1 is 1 0 - 35 % by number, the second value O2 is 8 - 25 % 
35 by number, and the value C is 1 15 - 140. 

7. The toner according to Claim 1 , wherein said toner particles have a shape factor SF-1 of 100 - 150 and a shape 
factor SF-2 of 100-130. 

40 8. The toner according to Claim 1 , wherein said toner particles have a shape factor SF-1 of 100 - 130 and a shape 
factor SF-2 of 100-125. 

9. The toner according to Claim 1 , wherein said toner particles comprise non-magnetic toner particles. 

45 1 0. The toner according to Claim 9, wherein said non-magnetic toner particles comprises at least a binder resin and a 
colorant. 

11. The toner according to Claim 9, wherein said non-magnetic toner particles comprises at least a binder resin, a col- 
orant and a low-softening point substance. 



so 
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12. The toner according to Claim 9, wherein laid non-magnetic toner particles comprise at least a binder resin, a col- 
orant, a low-softening point substance and a charge control agent. 

13. The toner according to Claim 1 , wherein said additive comprises silica fine powder. 

14. The toner according to Claim 1 , wherein said additive comprises hydrophobic silica fine powder. 

15. The toner according to Claim 1 , wherein said additive comprises silica fine powder having a BET specific surface 
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area of 20 - 400 m 2 /g. 

1 6. The toner according to Claim 1 , wherein said additive comprises hydrophobic silica fine powder having a BET spe- 
cific surface area of 2 - 400 nr^/g. 

5 

17. The toner according to Claim 1 , wherein said additive comprises inorganic oxide particles having an average par- 
ticle size Of 0.1 - 3.0 jam. 

18. The toner according to Claim 1 , wherein said additive comprises inorganic double oxide particles having an aver- 
10 age particle size of 0.1 - 3.0 \im. 

1 9. The toner according to Claim 1 , wherein said additive comprises strontium titanate particles having an average par- 
ticle size of 0.1 - 3.0 \im. 

is 20. The toner according to Claim 1 , wherein said additive comprises calcium titanate particles having an average par- 
ticle size of 0.1 - 3.0 urn. 

21 . The toner according to Claim 1 , wherein said additive comprises hydrophobic silica fine powder and strontium titan- 
ate particles. 

20 

22. The toner according to Claim 1, wherein said toner provides a difference between a first value C t and a second 
value C 2 , said difference being resulting from an amount of free resin particles detached from said toner particles. 

23. The toner according to Claim 1 , wherein said toner particles comprise toner particles produced by forming a polym- 
25 erizable monomer composition comprising at least a polymerizable monomer, a colorant and a polymerization ini- 
tiator into particles and by polymerizing the polymerizable monomer in the particles of the polymerizable monomer 
composition. 

" 24. The toner according to Claim 23, wherein said toner particles comprise non-magnetic toner particles produced 
30 according to suspension polymerization. 

* 25. The toner according to Claim 1, wherein said toner particles comprise non-magnetic toner particles which have a 
shape factor SF-1 of 100 - 130, a shape factor SF-2 of 100 - 125, a first value C-, of 10 - 35 % by number, a second 
value C2 of 8 - 25 % by number and a value C of 1 15 - 140. 

35 

26. The toner according to Claim 25, wherein said toner particles show an increase in % by number from the second 
value C 2 to the first value C 1( said increase being resulting from a degree of detachment of fine resin particles 
attached to surfaces of said toner particles from the surfaces of said toner particles. 

40 27. The toner according to Claim 26, wherein said toner particles comprise a binder resin and a non-magnetic colorant 
and the detached fine resin particles are formed of a resin similar to a resin for the binder resins. 

28. The toner according to Claim 27, wherein the binder resin of said toner particles comprises a styrene-acrylate 
copolymer and the detached fine resin particles comprise a styrene-acrylate copolymer. 

45 

29. An image forming method, comprising the steps of: 

charging an electrostatic image-bearing member, 

exposing the charged electrostatic image-bearing member to light to form an electrostatic image, 
so developing the electrostatic image by means of a developing apparatus unit including at least a toner-carrying 

member, toner application means for applying a toner onto a surface of the toner-carrying member and a toner 
vessel holding said toner to form a toner image on the electrostatic image-bearing member, 
transferring the toner image onto a transfer-receiving material via or not via an intermediate transfer member, 
and 

55 fixing the toner image on the transfer-receiving material by hot-pressure fixing means, 

wherein said toner comprises toner particles and an additive, 
said toner particles have a shape factor SF-1 of 100 - 160, a phase factor SF-2 of 100 - 140 and a weight-aver- 
age particle size of 4 - 10 pm as measured by a Coulter counter, and 
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said toner contains particles having circle-equivalent diameters in a range of 0.6 - 2.0 jim and satisfying the 
following conditions (i) - (iii): 

(i) a first value C-| of 3 - 50 % by number as measured by a flow particle image analyzer after application 
of a ultrasonic wave of 20 kHz for 5 min., 

(ii) a second value C2 of 2 - 40 % by number as measured by the flow particle image analyzer after appli- 
cation of a ultrasonic wave of 20 kHz for 1 min., and 

(iii) a value C of 105 - 150 obtained according to the following equation: 

C = (C 1 /C 2 )x100. 

30. The image forming method according to Claim 29, wherein said toner comprises a non-magnetic toner and the 
electrostatic image is developed according to a non-magnetic monocomponent developing method. 

31. The image forming method according to Claim 30, wherein the electrostatic image is developed according to a 
reversal developing method. 

32. The image forming method according to Claim 30, wherein said non-magnetic toner is applied onto the surface of 
the toner-carrying member by toner application means including an elastic blade. 

33. The image forming method according to Claim 30, wherein said non-magnetic toner is applied onto the surface of 
the toner-carrying member by toner application means including an application roller. 

34. The image forming method according to Claim 29, wherein the first value Cj is 3 - 45 % by number. 

35. The image forming method according to Claim 29, wherein the first value Cj is 3 - 40 % by number. 

36. The image forming method according to Claim 29. wherein the first value C«j is 5 - 40 % by number, the second 
* value C2 is 3 - 35 % by number, and the value C is 1 10 - 145. 

37. The image forming method according to Claim 36. wherein the value C is 1 10 - 140. 

38. The image forming method according to Claim 29, wherein the first value C 1 is 10 - 35 % by number, the second 
value Ca is 8 - 25 % by number, and the value C is 1 15 - 140. 

39. The image forming method according to Claim 29, wherein said toner particles have a shape factor SF-1 of 100 - 
150 and a shape factor SF-2 of 100 - 130. 

40. The image forming method according to Claim 29, wherein said toner particles have a shape factor SF-1 of 100 - 
1 30 and a shape factor SF-2 of 1 00 - 1 25. 

41. The image forming method according to Claim 29, wherein said toner particles comprise non-magnetic toner par- 
ticles. 

42. The image forming method according to Claim 41 , wherein said non-magnetic toner particles comprises at least a 
binder resin and a colorant. 

43. The image forming method according to Claim 41 , wherein said non-magnetic toner particles comprises at least a 
binder resin, a colorant and a low-softening point substance. 

44. The image forming method according to Claim 41, wherein said non-magnetic toner particles comprise at least a 
binder resin, a colorant, a low-softening point substance and a charge control agent. 

45. The image forming method according to Claim 29. wherein said additive comprises silica fine powder. 

46. The image forming method according to Claim 29, wherein said additive comprises hydrophobic silica fine powder. 

47. The image forming method according to Claim 29, wherein said additive comprises silica fine powder having a BET 
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specific surface area of 20 - 400 trP/g. 

48. The image forming method according to Claim 29, wherein said additive comprises hydrophobic silica fine powder 
having a BET specific surface area of 2 - 400 m 2 /g. 

5 

49. The image forming method according to Claim 29, wherein said additive comprises inorganic oxide particles having 
an average particle size of 0.1 - 3.0 \im. 

50. The image forming method according to Claim 29, wherein said additive comprises inorganic double oxide particles 
w having an average particle size of 0.1 - 3.0 jim. 

51 . The image forming method according to Claim 29, wherein said additive comprises strontium titanate particles hav- 
ing an average particle size of 0.1 - 3.0 urn. 

is 52. The image forming method according to Claim 29, wherein said additive comprises calcium titanate particles hav- 
ing an average particle size of 0.1 - 3.0 pm. 

53. The image forming method according to Claim 29, wherein said additive comprises hydrophobic silica fine powder 
and strontium titanate particles. 

20 

54. The image forming method according to Claim 29, wherein said toner provides a difference between a first value 
Ci and a second value C2. said difference being resulting from an amount of free resin particles detached from said 
toner particles. 

25 55. The image forming method according to Claim 29, wherein said toner particles comprise toner particles produced 
by forming a potymerizable monomer composition comprising at least a polymerizable monomer, a colorant and a 
polymerization initiator into particles and by polymerizing the polymerizable monomer in the particles of the polym- 
erizable monomer composition. 

30 56. The image forming method according to Claim 55. wherein said toner particles comprise non-magnetic toner par- 
ticles produced according to suspension polymerization. 

57. The image forming method according to Claim 29, wherein said toner particles comprise non-magnetic toner par- 
ticles which have a shape factor SF-1 of 100 - 130, a shape factor SF-2 of 100 - 125, a first value of 10 - 35 % 

35 by number, a second value C2 of 8 - 25 % by number and a value C of 1 15 - 140. 

58. The image forming method according to Claim 57, wherein said toner particles show an increase in % by number 
from the second value C 2 to the first value C 1( said increase being resulting from a degree of detachment of fine 
resin particles attached to surfaces of said toner particles from the surfaces of said toner particles. 

40 

59. The image forming method according to Claim 58, wherein said toner particles comprise a binder resin and a non- 
magnetic colorant and the detached fine resin particles are formed of a resin similar to a resin for the binder resins. 

60. The image forming method according to Claim 59, wherein the binder resin of said toner particles comprises a sty- 
45 rene-acrylate copolymer and the detached fine resin particles comprise a styrene-acrylate copolymer. 

61 . A developing apparatus unit detachably mountable to a main body of an image forming apparatus main body, com- 
prising: 

50 at least a toner-carrying member, toner application means for applying a toner onto a surface of the toner-car- 

rying member, and a toner vessel holding said toner, 

wherein said toner comprises toner particles and an additive, 
said toner particles have a shape factor SF-1 of 100 - 160, a phase factor SF-2 of 100 - 140 and a weight-aver- 
age particle size of 4 - 10 nm as measured by a Coulter counter, and 

55 said toner contains particles having circle-equivalent diameters in a range of 0.6 - 2.0 jim and satisfying the 

following conditions 0) - (»Q: 

(i) a first value C1 of 3 - 50 % by number as measured by a flow particle image analyzer after application 
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of a ultrasonic wave of 20 kHz for 5 min., 

(ii) a second value C2 of 2 - 40 % by number as measured by the flow particle image analyzer after appli- 
cation of a ultrasonic wave of 20 kHz for 1 min., and 
> (iii) a value C of 105 - 150 obtained according to the following equation: 

C-fCVC^xlOO. 

62. The developing apparatus unit according to Claim 61 , wherein said toner comprises a non-magnetic toner and said 
toner application means comprises an elastic blade. 

63. The developing apparatus unit according to Claim 61 , wherein said toner comprises a non-magnetic toner and said 
toner application means comprises a toner application roller. 

64. The developing apparatus unit according to Claim 61 , wherein the first value C n is 3 - 45 % by number. 

65. Th developing apparatus unit according to Claim 61 , wherein the first value C-j is 3 - 40 % by number. 

66. Th developing apparatus unit according to Claim 61 , wherein the first value Ci is 5 - 40 % by number, the second 
value C2 is 3 - 35 % by number, and the value C is 1 10 - 145. 

67. Th developing apparatus unit according to Claim 66, wherein the value C is 1 10 - 140. 

68. The developing apparatus unit according to Claim 61 , wherein the first value C 1 is 1 0 - 35 % by number, the second 
value C 2 is 8 - 25 % by number, and the value C is 1 1 5 - 1 40. 

25 

69. The developing apparatus unit according to Claim 61 , wherein said toner particles have a shape factor SF-1 of 100 
- 1 50 and a shape factor SF-2 of 1 00 - 1 30. 

70. The developing apparatus unit according to Claim 61 , wherein said toner particles have a shape factor SF-1 of 1 00 
30 - 1 30 and a shape factor SF-2 of 1 00 - 1 25. 

71. The developing apparatus unit according to Claim 61, wherein said toner particles comprise non-magnetic toner 
particles. 

35 72. The developing apparatus unit according to Claim 71 , wherein said non-magnetic toner particles comprises at least 
a binder resin and a colorant. 

73. The developing apparatus unit according to Claim 71 , wherein said non-magnetic toner particles comprises at least 
a binder resin, a colorant and a low-softening point substance. 

40 

74. The developing apparatus unit according to Claim 71 , wherein said non-magnetic toner particles comprise at least 
a binder resin, a colorant, a low-softening point substance and a charge control agent. 

75. Th developing apparatus unit according to Claim 61 , wherein said additive comprises silica fine powder. 

45 

76. The developing apparatus unit according to Claim 61 , wherein said additive comprises hydrophobic silica fine pow- 
der. 

77. Th developing apparatus unit according to Claim 61 , wherein said additive comprises silica fine powder having a 
so BET specific surface area of 20 - 400 m 2 /g. 

78. Th developing apparatus unit according to Claim 61 , wherein said additive comprises hydrophobic silica fine pow- 
der having a BET specific surface area of 2 - 400 rrr^/g. 

55 79. The developing apparatus unit according to Claim 61, wherein said additive comprises inorganic oxide particles 
having an average particle size of 0.1 - 3.0 um. 

80. The developing apparatus unit according to Claim 61 , wherein said additive comprises inorganic double oxide par- 
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tides having an average particle size of 0.1 - 3.0 ^m. 

81 . The developing apparatus unit according to Claim 61 , wherein said additive comprises strontium titanate particles 
having an average particle size of 0.1 - 3.0 jim. 

5 

82. The developing apparatus unit according to Claim 61 , wherein said additive comprises calcium titanate particles 
having an average particle size of 0.1 - 3.0 \um. 

83. The developing apparatus unit according to Claim 61 , wherein said additive comprises hydrophobic silica fine pow- 
io der and strontium titanate particles. 

84. The developing apparatus unit according to Claim 61 , wherein said toner provides a cfifference between a first value 
C-i and a second value C2, said difference being resulting from an amount of free resin particles detached from said 
toner particles. 

15 

85. The developing apparatus unit according to Claim 61, wherein said toner particles comprise toner particles pro- 
duced by forming a polymerizable monomer composition comprising at least a polymerizable monomer, a colorant 
and a polymerization initiator into particles and by polymerizing the polymerizable monomer in the particles of the 
polymerizable monomer composition. 

20 

86. The developing apparatus unit according to Claim 85, wherein said toner particles comprise non-magnetic toner 
particles produced according to suspension polymerization. 

87. The developing apparatus unit according to Claim 61 , wherein said toner particles comprise non-magnetic toner 
25 particles which have a shape factor SF-1 of 100 - 130, a shape factor SF-2 of 100 - 125, afirst value C 1 of 10 - 35 

% by number, a second value C 2 of 8 - 25 % by number and a value C of 1 1 5 - 1 40. 

88. The developing apparatus unit according to Claim 87, wherein said toner particles show an increase in % by 
number from the second value C 2 to the first value C 1( said increase being resulting from a degree of detachment 

30 of fine resin particles attached to surfaces of said toner particles from the surfaces of said toner particles. 

89. The developing apparatus unit according to Claim 88, wherein said toner particles comprise a binder resin and a 
non-magnetic colorant and the detached fine resin particles are formed of a resin similar to a resin for the binder 
resins. 

35 

90. The developing apparatus unit according to Claim 89, wherein the binder resin of said toner particles comprises a 
styrene-acrylate copolymer and the detached fine resin particles comprise a styrene-acrylate copolymer. 
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(57) A toner for developing an electrostatic image is 
constituted by at least toner particles and an additive. 
The toner particles have a shape factor SF-1 of 100 - 
160, a phase factor SF-2 of 100 - 140 and a weight- 
average particle size of 4 - 10 as measured by a 
Coulter counter. The toner contains particles having cir- 
cle-equivalent diameters in a range of 0.6 - 2.0 urn and 
satisfying the following conditions (i) - (iii): (i) a first value 
Ci of 3 - 50 % by number as measured by a flow particle 
image analyzer after application of a ultrasonic wave of 
20 kHz for 5 min.. (ii) a second value C 2 of 2 - 40 % by 
number as measured by the flow particle image ana- 
lyzer after application of a ultrasonic wave of 20 kHz for 
1 min., and (iii) a value C of 105 - 150 obtained accord- 
ing to the following equation: C = (C ,IC 2 ) x 100 . The 
toner is effective in improving image-forming character- 
istics in a continuous image formation on a large 
number of sheets. 
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